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ABSTRACT 
Background. Research on the relationship between mining and sexual and reproductive health 
(SRH) is limited, almost exclusively concerned on the HIV spread in mining contexts. Colombia, 
like other Latin American and Caribbean countries, experienced an unprecedented mining boom 
since the mid-2000’s with insufficient evidence on its effects on SRH. This dissertation study 
examined the relationship between the gold-mining boom and fertility—as a comprehensive 
measure for SRH, in Colombian municipalities, between 2001 and 2015. 
Methods. I conducted a longitudinal ecological study using a multilevel model of change. I used 
data of gold-mining production and births of each of the 1112 municipalities of Colombia—
excluding ten municipalities created after 2001. For the independent variable, I constructed the 
time-varying categorical variable Stages of gold-mining boom (SGMB). This variable represented 
the municipal status regarding a gold-mining boom at each year, by defining categories of pre-
boom, boom—rapid increase (boom-up) and rapid decline (boom-down)—, and post-boom. For the 
dependent variable, I calculated general fertility rates (GFR), age-specific fertility rates (ASFR), 
and total fertility rates (TFR). I performed multilevel regression models of change to test the 
association between the stages of gold-mining boom and fertility change, controlling for 
socioeconomic confounders. I conducted a sensitivity analysis by including only the municipalities 
with acceptable live birth coverage by 2005 (N=191). 
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Results. The results indicated a positive longitudinal association between the gold-mining boom 
and fertility, in Colombian municipalities, between 2001 and 2015. Fertility (GFR and TFR) 
increased in the boom-down and post-boom periods. Among different age-groups, fertility (ASFR) 
increased in the periods of boom-up (age group 10-14), boom-down (age groups in the range 15-
25, and 35-39), and post-boom (age group 15-19). The sensitivity analysis indicated the results 
were robust. 
Conclusions. The rapid fertility change (including of adolescent fertility) observed in the short 
period of the boom stages suggests that SRH is deeply impacted in gold-mining boom contexts. 
This study provides a baseline for further global research on this critical but neglected topic of 
public health significance. New investigations must consider the gender dynamics triggered by a 
mining boom, which may configure contexts of unbalanced gendered power relations.  
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1.0  INTRODUCTION 
Consistent evidence characterizes mining as one of the world’s most hazardous activities because 
of the high risk of occupational accidents and toxicological exposure among mineworkers and 
communities [1]. Conversely, the current knowledge about the relationship between mining and 
sexual and reproductive health (SRH) is limited. The existing literature has been almost 
exclusively concerned on the spread of HIV, mostly in Sub-Saharan Africa, where studies have 
observed that mining communities had a higher prevalence of HIV and other sexually transmitted 
diseases (STDs) than the general population [2, 3]. Some investigations found associations 
between having HIV/STDs and individual risk factors in mining contexts; these factors include 
single status, alcohol and drug use, history of previous STDs, partnership or sex with a 
mineworker, multiple sexual partners, paying for sex, transactional sex, and non-use of condoms 
[4-8]. While these studies focused mainly on groups considered at high-risk (typically 
mineworkers and sex workers), high prevalence of HIV/STDs and associations with similar risk 
factors have been described among other population groups in mining communities [4, 7, 9]. In 
general, this literature recognizes a relationship between the mining context and the dynamics of 
the HIV/STDs spread. Only a handful of studies have explored broader impacts of the mining 
dynamics on SRH such as early marriage, increased fertility, short birth intervals, and lack of 
reproductive decision-making among local women [10-12]. 
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Colombia, like other Latin American and Caribbean (LAC) countries, has experienced an 
unprecedented mining boom since the mid-2000’s with scarce and insufficient evidence on its 
effects on SRH. The gold-mining boom has received the most attention because of its 
environmental and social impacts at the local level. Gold is a high-valued mineral that can be 
extracted from operations of any scale (artisanal to industrial-scale mining) and different sources 
(alluvial and underground mines). Given the considerable increase in the international gold price 
during the 2000’s [13], there was an expansion of operations and intensification of production in 
Colombia [14]. In 2011, informal gold mining reached almost 30% of all operations in the country 
[15]. Until 2014, alluvial gold exploitation had affected areas of 17 of the 32 departments of 
Colombia, with severe impacts especially on Afro-descendant and indigenous territories [14]. 
During the past decade, the gold economy attracted armed groups to the mining places (guerrilla 
and paramilitary groups, criminal organizations, and military forces) as criminal activities 
expanded from illegal drugs to mining [16-18]. Civil organizations reported human rights 
violations (e.g., homicides, kidnappings, extortion, and forced displacement) against miners and 
local communities [17, 18]. Women organizations reported that women, mainly from rural places, 
were affected by the displacement of traditional livelihoods by the gold-mining economy; lack of 
job opportunities within the mining sector; criminalization and stigmatization of women 
organizations; and gender violence in mining places (e.g., physical and sexual violence, and 
servitude and human trafficking for sex commerce) [19, 20]. The reported impacts of the boom 
phenomenon suggest broad effects on the sexual and reproductive health (SRH) of local 
populations, principally among vulnerable groups like rural women and adolescents.  
In the following chapters, I present the components of this dissertation, from the 
identification of the main gaps in knowledge regarding the relationship between mining and SRH, 
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in the LAC region, to the discussion of the main findings from this study and its contribution of in 
filling these gaps.  
Chapter 2 provides background information about the current knowledge on the 
relationship between mining and SRH in LAC. In this chapter, I present a systematic scoping 
review of the available peer-reviewed literature regarding SRH in mining contexts in the region. 
Based on this review, I identified and discussed critical gaps in knowledge that must be addressed 
through empirical research.  
In Chapter 3, I contextualize the mining boom phenomenon in Colombia, particularly 
regarding the gold-mining boom after 2000. I discuss the needs for empirical research given the 
dearth of information about the potential mining impacts in SRH in local contexts in this country. 
I provide also a conceptual framework for the study of the relationship between the gold-mining 
boom and fertility, in which I include a definition for mining boom context and a rationale for the 
use of fertility as a comprehensive measure for SRH. 
In Chapters 4 and 5, I present the specific aims that I proposed to address the research 
question of whether there is a relationship between the recent gold-mining boom and SRH in local 
contexts in Colombia; as well as, the methodological approach that guided the study. I explain the 
methodological procedures for the construction of the time-varying categorical variable Stages of 
gold-mining boom (SGMB), which operationalizes the construct of municipal gold-mining 
boom—based on the definition of mining boom context. I also present the fertility measures (as the 
dependent variables) and the socioeconomic measures (as the confounders) that I included in the 
analysis. I explain the multilevel models of change method, which I used for the examination of 
within-municipal changes and inter-municipal differences to measure the longitudinal association 
between the stages of gold-mining boom and fertility, in Colombian municipalities.  
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In Chapter 6, I present the descriptive results, including the trajectories of the gold-mining, 
fertility, and socioeconomic variables at the municipal level, between 2001 and 2015; as well as, 
the findings from the multilevel models of change and the sensitivity analysis—to test the 
robustness of the results. 
In Chapter 7, I discuss the trajectories and patterns of change of the independent and 
dependent variables, as well as of the confounders included in the regression models in light of the 
current knowledge in Colombia and LAC. Then, I discuss the findings from the multilevel models 
of change: first, the significant increase in fertility (GFR and TFR) during periods of boom decline 
and post-boom, which is consistent with previous studies in contexts of extractive booms and with 
the current knowledge about the effects of economic factors over individual fertility decisions and 
population fertility—economic models of fertility. Second, I discuss the inconsistency observed 
between the increased adolescent fertility during the stages of boom (rapid increase—boom-up, 
and rapid decline—boom-down) and the current knowledge from the economic models of fertility 
approach (for which the adolescent fertility is not correlated with economic growth but with poor 
socioeconomic status of girls, income inequality, and economic bust). Third, I discuss the rapid 
change in fertility as a key finding from this study. Based on the intermediate factors of fertility 
approach, and in light of the global literature on the factors associated with the HIV spread in 
mining contexts, I suggest that the rapid increase in fertility—including in adolescent fertility—
may be related with intermediate factors including earlier sexual initiation, non-use of 
contraception, casual sex, transactional sex, sexual abuse, and sex commerce. I also suggest that 
the rapid increase in fertility may be related with changes in structural factors, including 
socioeconomic vulnerability and poverty, cultural beliefs related to health and sexual behaviors, 
and gender roles and power relations. Fourth, I discuss the relevance of the social disruption 
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approach in the analysis of the impacts of a mining boom on fertility. I highlight that previous 
studies on the impacts of disruptive events on fertility—mainly referred to war and civil conflicts, 
humanitarian crises, and population displacement—do not offer an adequate reference point for 
the discussion of this dissertation findings, since the nature of the social disruption associated with 
a mining boom is different and may determine distinguishable patterns of fertility. I discuss the 
importance of interpreting these dissertation findings from a gender perspective, considering the 
gender dynamics triggered by a mining boom that define contexts of unbalanced gendered power 
relations. Finally, I comment on the main limitations derived from the methodological approach, 
which, however, takes the most advantage of the available data on mining and births at the 
municipal level in Colombia. 
I conclude in Chapter 8 by revisiting the questions of what we know, given the findings of 
this dissertation, and what are the remaining gaps in knowledge that future studies need to address. 
I highlight the relevance of testing new hypotheses regarding the unbalanced gendered power 
relations construct to assess its significance in the determination of SRH in mining contexts. 
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2.1 ABSTRACT 
Background. Latin America and the Caribbean (LAC) has experienced an unprecedented mining 
boom since the mid-2000’s with unknown effects on sexual and reproductive health (SRH). This 
study takes the essential first steps of summarizing the available literature regarding SRH in 
mining contexts in LAC, identifying critical gaps in knowledge, and discussing main implications 
for future research.  
Methods. We conducted a scoping review with a systematic search of health literature in four 
databases, reference lists of selected papers, and citations in Google Scholar.  
Results. The systematic search yielded 592 primary references and 16 articles from LAC. The 
eleven papers finally selected were conducted in gold-mining contexts in Brazil, Venezuela, 
Guyana, Peru, and Colombia, between 1995 and 2016. Ten studies centered on measuring 
HIV/STDs prevalence among mineworkers and other populations; few examined associated risk 
factors. Eight studies reported high HIV/STDs prevalence in the study population. None of the 
studies explored broader SRH issues.  
Conclusions. Available research is scarce and provides limited evidence on SRH in LAC mining 
contexts. Critical gaps include little knowledge on 1) broader SRH impacts besides HIV/STDs, 2) 
SRH in settings different from gold-mining contexts in Amazon countries, 3) mechanisms shaping 
SRH in LAC mining contexts, and 4) effective interventions in these scenarios. Future research 
must consider the distinctive demographic, environmental, socioeconomic, and gender dynamics 
triggered by the mining economy in the analysis of the relationship between mining and SRH, 
particularly in a period of extractive boom. 
Keywords. Sexual health; reproductive health; HIV; mining industry; Latin America 
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2.2 BACKGROUND 
Consistent evidence characterizes mining as one of the world’s most hazardous activities because 
of the high risk of occupational accidents and toxicological exposure among mineworkers and 
communities [1]. Conversely, the current knowledge about the relationship between mining and 
sexual and reproductive health (SRH) is limited. The existing literature has been almost solely 
concerned with the spread of HIV, mostly in Sub-Saharan Africa, where studies have observed 
that mining communities had a higher prevalence of HIV and other sexually transmitted diseases 
(STDs) than the general population [2, 3]. Some investigations found associations between having 
HIV/STDs and individual risk factors in mining contexts; these factors include single status, 
alcohol and drug use, history of previous STDs, partnership or sex with a mineworker, multiple 
sexual partners, paying for sex, transactional sex, and non-use of condoms [4-8]. While these 
studies focused mainly on groups considered at high-risk (typically mineworkers and sex workers), 
high prevalence of HIV/STDs and associations with similar risk factors have been described 
among other population groups in mining communities [4, 7, 9]. In general, this literature 
recognizes a relationship between the mining context and the dynamics of the HIV/STDs spread. 
Labor migration—linked to single-sex lodging and isolation and separation of miners from 
families—has been strongly associated with HIV-transmission [2, 9, 21, 22]. Besides the spread 
of HIV/STDs, only a handful of studies have explored broader impacts of mining on SRH such as 
early marriage, increased fertility, short birth intervals, and lack of reproductive decision-making 
among local women [10-12]. 
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2.2.1 Mining boom in Latin America and the Caribbean 
The study of the relationship between mining and SRH in Latin America and the Caribbean (LAC) 
is pertinent, as the region has experienced an unprecedented mining boom since the mid-2000’s. 
The increased global demand for and rising prices of minerals [23], along with national mining 
laws favoring foreign investment [24], fueled the recent mining boom in the region. Between 2005 
and 2010 the prices of coal, nickel, and copper doubled, and the price of gold increased five times 
between 2002 and 2011 [25]. In the same period, LAC received 24% of the global mining 
exploration budget, the largest investment for a single region [26]. As a result, mining production 
increased significantly, leading to a reactivation and intensification of operations in towns with 
established mining activities and, more significantly, the arrival of new mining endeavors in non-
mining areas. Despite 50% to 70% of the regional mining production coming from industrial 
mining, most of the mining operations corresponded to artisanal and small-scale mining (ASM), 
which employed the majority of the region’s mining workforce [27]. In particular, illegal gold 
mining, predominantly of small-scale, was estimated to employ directly around 350,000 people in 
Amazon countries; and sustain about 500,000 people only in Bolivia and Peru [28].  
Despite the high dividends from the mining sector commonly reported in the region 
(benefits for national economies remain debatable) [23, 29, 30], the mining boom has been 
associated with environmental, social, and health impacts at the local level, particularly affecting 
vulnerable populations. Studies and reports examining the impacts of mining in LAC have 
described environmental crises [28, 31, 32]; social conflicts and mobilization against extractive 
operations [33]; human rights violations to indigenous and Afro-descendant groups across the 
region [34]; child labor, sexual violence, sexual exploitation, and human trafficking linked to 
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illegal gold mining in the Amazon [35, 36]; and environmental health effects, mental health 
impacts, and increased risks of infectious diseases, including STDs [37]. 
2.2.2 Sexual and reproductive health in Latin America and the Caribbean 
The mining boom in LAC takes place in a scenario of pending challenges in SRH. Estimations of 
either intimate partner violence or non-partner sexual violence against women vary between 24% 
in the Southern LAC to 41% in the Andean LAC—higher than the global estimation of 35% [38]. 
The region has the second highest rate of adolescent childbearing worldwide, 73 births per 1000 
women aged 15–19 [39]; and the highest estimated incidence of abortion and unsafe abortion, 44 
and 31 abortions per 1000 women aged 15-44, respectively [40]. Most importantly, regional 
figures hide profound disparities in SRH between social groups. Lack of access to contraception, 
reproductive health services or maternal care, maternal mortality and morbidity, and sexual 
violence are higher among rural, low-income, low-educated, and ethnic minority women, 
principally indigenous and Afro-descendants, than the general population [39].  
The recent mining boom in the region, in a scenario of profound SRH inequities, provides 
a strong rationale for examining to what extent the mining dynamics have impacted SRH at the 
local level. To this end, it is necessary to establish first what is currently known about the 
relationship between mining and SRH in the region. This scoping literature review takes the 
essential first steps of examining and summarizing the available literature regarding SRH in LAC 
mining contexts, identifying critical gaps in knowledge, and discussing primary implications for 
future research. 
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2.3 METHODS 
A scoping review is a systematic process intended to explore the extent and nature of research on a 
particular topic, identify gaps in knowledge, and summarize and disseminate findings [41]. One of 
the key purposes of a scoping review is to provide an evidence background to guide future research, 
practice, and decision-making on the subject of interest [42]. A scoping review is particularly 
relevant when there is not a clear picture of the existing evidence regarding a field of research. That 
is, scoping reviews are useful to address emergent or unexplored topics.  
We conducted a scoping review with a systematic search of health literature during May 
2017, in PubMed and PaHO-VHL (Pan American Health Association-Virtual Health Library); and 
two LAC databases, LILACS (Latin American and Caribbean Health Sciences) and SciELO 
(Scientific Electronic Library Online). We scanned reference lists and citations of the selected 
papers in Google Scholar to identify additional studies.  
For the search strategy, we used combinations of two groups of terms in English and Spanish 
(only English in PubMed). First, “mining” and “mining industry.” Second, “sexual health,” 
“reproductive health,” “maternal health,” “HIV,” “sexually transmitted diseases,” “sexually 
transmitted infections,” “fertility,” and “sexual behavior.” To narrow the search in PubMed and 
PaHO-VHL, we used the term of exclusion “data mining.” 
We included only references placed in LAC countries, with no limitation by the date of 
publication. We excluded articles addressing exclusively environmental and occupational health 
(e.g., exposure to pollutants, even regarding reproductive health outcomes), health issues different 
from SRH (e.g., children’s health), and non-health issues. We excluded non-primary research 
papers (e.g., reports, editorial comments, and letters to the editor). The selection process included 
the elimination of duplicates; selection of references based on titles and abstracts; identification of 
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full-text papers; selection of additional studies from reference lists and citations in Google Scholar; 
and final selection of full-text primary research articles (Fig. 1).  
 
 
Figure 1. Scoping review selection process 
 
Finally, we summarized and discussed the selected articles based on the country and sub-region of 
the study, key features of the mining operations (minerals, scale, and formality/legality), the 
purpose of the study, population and sample size, and main findings on SRH. 
2.4 RESULTS 
The scoping review yielded 592 primary references and retrieved 16 articles placed in LAC 
countries that focused on SRH (Fig.1). We eliminated one article without full text and four non-
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primary papers, which included two recent reviews on health impact assessment related to 
extractive industries and hydroelectric projects in the region [37, 43]. We finally selected eleven 
primary research articles for analysis. Table 1 shows the main findings of the scoping review.  
2.4.1 General characteristics of the studies: places, times and populations 
The eleven studies reviewed, conducted between 1995 and 2016 [44-54], were set in gold-mining 
contexts in South American countries, nine in Amazon areas. One study was set in a period previous 
to a mining exploitation phase [45]; and one in a period of mining decline [47]. The other nine were 
set in periods of full mining operations. Except for the study by Orellana et al. [48], the 
investigations used quantitative methods and cross-sectional designs, collecting data through 
surveys and biological samples for HIV and STDs tests. None of the studies used a longitudinal 
approach to incorporate temporality in the analyses. However, the study by Astete et al. [45] 
considered temporality and provided a baseline in a pre-exploitation period to evaluate the health 
impacts of mining during the subsequent phases. Three studies sampled mostly or exclusively male 
miners [49, 51, 52], one included only women [47], and one focused on indigenous population [48]. 
The rest of the studies sampled from the general population.  
2.4.2 Purposes and main SRH findings of the studies 
The eleven studies centered on HIV/STDs as the only SRH concern. The ten quantitative studies 
focused on measuring the prevalence of HIV and STDs. The study by Castro-Arroyave et al. [54] 
showed a low prevalence of HIV but a high prevalence of syphilis in a period of mining 
exploitation; the HIV prevalence contrasts with the high prevalence of HIV found by the rest of the 
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quantitative studies in a similar stage of mining production. Astete et al. [45] described a low 
prevalence of HIV/STDs in a stage of pre-exploitation. Some studies identified a high prevalence 
of HIV/STDs among mineworkers [50], sex workers [46, 50], and health care workers [46] than the 
general population. Three investigations evidenced significant associations between HIV/STDs and 
individual risk factors such as having lived in a gold-miners camp [53], history of STDs [51, 52], 
and not having used a condom with last casual sex partner [51]. Most of the quantitative studies 
suggested labor migration and mobility as major factors involved in HIV/STDs transmission in 
mining places. Nevertheless, only Souto et al. [53] provided actual evidence on the association 
between STDs and mobility.  
Two studies developed HIV-prevention interventions [46, 54]. They used behavioral change 
approaches aimed to increase knowledge, change attitudes and reduce stigma about HIV/STDs. 
Castro-Arroyave et al. [54] found change in perceptions and increases in knowledge among 
community leaders and other community members who participated in the program. 
The study by Orellana et al. [48] provided unique insights into the links between mining 
and SRH. Qualitative in-depth data enabled the researchers to identify and discuss emerging themes 
such as population mobility and mixing, sociocultural factors (early sexual initiation, sexual 
identity, and gender roles), and interpersonal and behavioral factors (forced sex, unprotected sex, 
and transactional sex among poor women and young indigenous men). Authors concluded that 
“poverty, cultural beliefs related to health and sexual behaviors, gender inequality, lack of 
educational and employment opportunities, resource-extraction activities, and population mobility 
and mixing” interact and shape risk environments for the HIV/STDs spread among indigenous 
communities [48: p. 1246].  
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Table 1. General characteristics and main findings of studies addressing SRH in LAC mining contexts 
Authors (year) Country, sub-region Mining features Aims Population (n) Main SRH findings 
Santos et al. 
(1995) [42] 
Brazil, Pará 
(AR) 
Gold  
ASM/Informal 
Describe general health conditions in 
a [mining] community 
General population  
(n = 223) 
Hep. B prevalence = 85 %. Syphilis prevalence = 41.6% (males, 33 
%; females, 9 %); the highest among miners (48 %) and sex 
workers (38 %). 
Souto et al. 
(1998) [45] 
Brazil, Mato 
Grosso (AR) 
Gold* Determine the prevalence and risk 
factors of Hep. B virus among 
immigrants 
General population  
(n = 783) 
Hep. B prevalence = 54.7 %. Significant association between HBV 
markers and having lived in a gold-mining camp.  
Faas et al. (1999) 
[38] 
Venezuela, 
Bolívar (AR) 
Gold 
Industrial & 
ASM/Informal 
Determine the prevalence of 
HIV/STDs and implement prevention 
workshops  
General population  
(survey, n = 2000; biological 
tests, n = 893) 
HIV prevalence = 1 %. Syphilis prevalence = 16.6 %; highest 
among female sex workers (29.5 %) and health care workers (21.7 
%). History of STDs = 19.6 %.  
González & 
Rodríguez-
Acosta (2000) 
[36] 
Venezuela, 
Bolívar (AR) 
Gold* Determine the prevalence of STDs, 
among other health conditions 
Attendants to a local health 
service (n = 166) 
Prevalence of Syphilis = 6 %; gonorrhea = 4.8 %; and HIV = 0 %. 
History of STDs = 27.7 %.  
Souto et al. 
(2001) [44] 
Brazil, Mato 
Grosso (AR) 
Gold* Determine the prevalence and risk 
factors of Hep. B and C (and HBV 
subtypes) 
Population of mine camps 
(n = 520) 
Prevalence of Hep. B = 82.9 %; and Hep. C = 2.1 %. HBsAg 
positivity was significantly associated with previous STDs.  
Palmer et al. 
(2002) [41] 
Guyana (AR) Gold 
ASM* 
Determine the prevalence of HIV Mineworkers—mostly males 
(n = 216) 
HIV prevalence = 6.5 %. 
Seguy et al. 
(2008) [43] 
Guyana, three 
regions (AR) 
Gold and 
diamonds* 
Determine the prevalence of HIV and 
syphilis  
Male mineworkers  
(n = 651) 
Prevalence of HIV = 3.9 %; and syphilis = 6.4 %. Knowledge on 
HIV = 75%; having had casual sex in the last year = 54 %; having 
had sex with sex workers = 14.8 %. HIV was significantly 
associated with history of syphilis and not having used condom 
with last casual sex partner. 
Miranda et al. 
(2009) [39] 
Brazil, Pará 
(AR) 
Gold  
ASM* 
Describe the reproductive profile of 
and prevalence of STDs among 
women living in a former mining 
village 
Women attending to a local 
health facility 
(n = 209)  
Prevalence of HIV = 1.9 %; gonorrhea = 2.4 %; and HPV = 3.8 %. 
History of previous STDs = 11 %; having been involved in 
prostitution = 15.8 %; domestic violence reported = 17.7 %; having 
been raped = 10 %; having had an abortion = 29.2 %. 
Astete et al. 
(2010) [37] 
Peru, 
Apurimac  
Gold, silver, copper, 
iron 
Industrial/Formal 
(Pre-exploitation) 
Determine the prevalence of 
infectious diseases, mental health and 
environmental pollution in a 
community surrounding an upcoming 
mining project 
General population 
(n = 453) 
No cases of HIV, Hep. C or D. Prevalence of syphilis = 1.4% 
(similar to the national); and Hep. B = 7.1% (lower than the 
national).  
Orellana et al. 
(2013) [40] 
Peru, three 
departments 
(AR)  
Gold  
ASM/Informal  
Examine structural factors related to 
the increased HIV/STDs vulnerability 
among indigenous people 
Indigenous population 
(40 in-depth interviews; nine 
focus groups, n = 98) 
Complex interactions between structural factors characterize 
Amazon rivers in Peru as risk environments for the HIV/STDs 
spread among indigenous communities.  
Castro-Arroyave 
et al. (2016) [46] 
Colombia, 
Antioquia 
Gold  
Informal* 
Implement a CBPR intervention of 
HIV prevention and measure the 
prevalence of HIV 
Community leaders (n = 10); 
general population (n = 277; 
survey and HIV tests, n = 
183) 
No cases of HIV. Prevalence of syphilis = 2.2 %. Lack of 
knowledge, false beliefs and stigma regarding HIV were identified. 
Participants increased their knowledge and changed perceptions 
about HIV issues.  
* Scale and/or formality status not mentioned. AR: Amazon Region. ASM: Artisanal and small-scale mining. CBPR: Community-Based Participatory Research. Hep: Hepatitis. 
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2.5 DISCUSSION 
The literature reviewed about SRH in LAC mining contexts is scarce and provides limited evidence 
in this area of research in the region. The increased prevalence of HIV/STDs among mineworkers, 
sex workers, or other population groups that most of the studies showed, along with the reported 
associations with individual risk factors, match findings from other regions [2, 3]. The low 
prevalence of HIV/STDs that Castro-Arroyave et al. [54] found in a gold-mining community in 
Colombia, however, contrasts with the global findings. Two studies provided evidence on the role 
of labor migration and mobility on the spread of HIV/STDs in LAC mining contexts [48, 53]. 
Although they are limited, similar findings have been reported globally [2, 9, 21, 22].  
Based on the findings of this scoping review, we identify four critical gaps in the current 
knowledge on SRH in LAC mining contexts. First, there is no empirical research that examines 
SRH broadly beyond the spread of HIV/STDs. No studies have explored SRH issues related to 
sexual violence against women, adolescents and children, intimate partner violence, reproductive 
decision-making, use of contraception, early marriage, teenage pregnancy, abortion, maternal 
health, or access and use of SRH services. As discussed by Vargas-Riaño et al. in regard to maternal 
health research in the region [55], the dominant focus on HIV issues seems to respond primarily to 
research funding interests and not to the health needs of the LAC population. This gap in knowledge 
is also characteristic of the global research on this matter. Second, there is no empirical research 
regarding SRH issues in settings different from gold-mining contexts, and from Mexico and Central 
America, the Southern LAC, and the Caribbean. The lack of studies in these other contexts is salient 
since numerous communities throughout Latin America have experienced the extractive boom [23, 
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37] with unknown effects on their SRH. Third, there is no empirical research that explores the 
mechanisms or pathways through which SRH is shaped in LAC mining contexts, particularly in 
periods of extractive boom. Finally, there is a dearth of investigations about effective SRH 
interventions in LAC mining contexts. In light of these needs, we discuss two key areas to consider 
in future research: the mining context and the production of risk in these scenarios. 
2.5.1 The mining context revisited 
The study of the relationship between mining and SRH in LAC has overlooked the context where 
mining takes place. For most of the studies reviewed, the construct mining referred either to the 
setting that delimits the location of research (the mining community, the mining camp) or an 
individual sociodemographic variable (the mineworker occupation). Astete et al. [45] and Miranda 
et al. [47] also considered the stage of mining production in their research approach, suggesting 
differential effects of the time of mining on SRH. Nevertheless, only Orellana et al. [48] explored 
and reflected on mining and other resource-extraction activities as contextual factors that interact 
with others to determine a ‘risk environment’ for the spread of HIV/STDs.  
The mining context in a period of extractive boom has been commonly characterized by 
disruptive demographic, environmental, socioeconomic, and gender dynamics triggered by the 
mining economy. Significant workforce migration to mining places (predominantly male) and high 
mining wages in mining communities relate to increases in the local demand and prices of land, 
housing, basic goods, and services, as described in countries like Peru [56]. The increased cost of 
living and high expectations of short-term returns from the mining economy pull people from rural 
settings to engage in mining activities and displace traditional livelihoods [57, 58]. Living 
conditions of migrant workers in camps and mining towns—including single-sex accommodation, 
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isolation, and separation from families—along with large amounts of disposable cash among men 
have been associated with high demand for alcohol, drugs, and sex services [5, 59]. These factors 
have in turn been linked to an increase in the number of bars, nightclubs, and brothels [48, 60], as 
well as rising levels of crime and violence, particularly sexual violence, as observed in gold camps 
in Surinam [36] and Peru [61].  
These dynamics determine a context of unbalanced gendered power relations, where 
women are disproportionally vulnerable to the environmental, socioeconomic, and health impacts 
of mining [60]. As reviewed by Jenkins [60], the mining sector often establishes a displacement 
from subsistence economies towards cash-economies controlled by men. Women shift away from 
their traditional roles to become mineworkers (mainly restricted to processing tasks) or providers 
of services—including sex. Female mineworkers are paid less than males, even when they are 
performing heavy tasks like those performed by men [35, 62]. Extreme poverty may lead young 
girls to get involved in prostitution, bonded labor, and sexual exploitation in places of ASM and 
informal mining, as described in Amazon countries [35, 36]. Some studies in mining settings 
worldwide observed that women might engage in transactional sex as a supplementary source of 
income, basic goods, or favors [4, 8]. Orellana et al. [48] reported transactional sex practices 
among poor women and indigenous teenage boys in the Peruvian Amazon. In general, women 
have little access to the economic benefits of mining and become highly dependent on men, 
resulting in a degradation of their social status and a reinforcement of male privileges [60]. 
2.5.2 The production of SRH risk in mining contexts 
The simultaneous dynamics often described in mining contexts challenge the way we address the 
links between mining and SRH in research and intervention. Some studies in South African mining 
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settings showed that prevention interventions typically based on biomedical and behavioral 
approaches had little impact in reducing or even controlling the spread of HIV [1, 4, 8, 63]. Based 
on these findings, Desmond et al. [8] argued that conventional approaches—restricted to the 
individual level of analysis, do not represent adequately the complexity of the social and sexual 
networks that take place in mining contexts. Instead, Desmond et al. [8] proposed the use of a high-
risk environment approach which enables structural-level analyses and interventions. The study by 
Orellana et al. [48] coincides with this perspective as it focused on the structural and contextual 
production of risk. The authors examined ‘ecosocial levels’ of influence and discussed the ‘risk 
environment’ as an appropriate category of analysis about the spread of HIV/STDs among 
indigenous communities. Even though the authors did not explore broad aspects of the SRH—likely 
occurring in these same risk environments; this approach serves as a point of reference for further 
exploration about the way SRH is shaped in LAC mining contexts.  
2.5.3 Implications for future research 
To address the gaps in knowledge identified, new research efforts must consider key conceptual 
and methodological challenges. First, they require comprehensive approaches for SRH that include, 
in addition to the study of HIV and STDs, broader SRH aspects related to sexual violence against 
women, adolescents and children, intimate partner violence, reproductive decision-making, use of 
contraception, early marriage, adolescent pregnancy, abortion, maternal health, and access and use 
of SRH services. Second, future studies must consider the mining context as a critical component 
of analysis, by examining the demographic, environmental, socioeconomic, and gender dynamics 
triggered by the mining economy, involved in the production of SRH risk. This also requires taking 
into account the particularities of the mining operations, i.e., minerals of extraction, stages of 
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mining, scales, and status of formality/legality. Third, empirical research should consider the use 
of categories like risk environment instead of high-risk population, as proposed by Desmond et al. 
[8] and Orellana et al. [48]; the use of qualitative methods and longitudinal designs for quantitative 
studies; and the use of multilevel approaches to examine structural, contextual, interpersonal, and 
individual factors and pathways of influence involved. Finally, future research requires integrating 
a gender perspective for the examination of the gender roles and gender relations in mining 
contexts. A gender approach would facilitate the exploration and understanding of phenomena such 
as the unbalanced gendered power relations as determinants of SRH. 
2.5.4 Limitations 
We conducted a scoping literature review looking for peer-reviewed publications. We did not 
examine grey literature, e.g., dissertations, technical reports, or conference papers. Despite potential 
drawbacks on availability and quality, grey literature might provide insights on how other 
researchers and stakeholders (international, government, industry, and civil organizations) have 
approached the relationship between mining and SRH in LAC. For instance, Organización 
Internacional del Trabajo, Gobierno de Chile and SEREMI Tarapacá [64] presented a survey on 
knowledge, perceptions of risk, attitudes, and practices regarding HIV among mobile mineworkers 
(n = 300), in the copper region of Tarapacá, Chile. Mineworkers showed high levels of knowledge 
in HIV issues, high demand for commercial sex (during life, 33.1 %; during the past year, 13.4 %), 
and little access to condoms (81.4% referred non-availability of condoms in the mining place). 
These findings, similar to those from Seguy et al. [51] also targeting male mineworkers, provide a 
background for further research on SRH in mining communities in Chile. At the same time, these 
results confirm the gaps in knowledge in the LAC region regarding the restricted interest on HIV 
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and individual risk factors associated, as well as the lack of attention to the demographic, 
environmental, socioeconomic and gender dynamics linked to the mining economy as key factors 
determining SRH.  
2.6 CONCLUSIONS 
This scoping review clarifies the current knowledge about SRH in LAC mining contexts and joins 
the recent reviews by Drewry, Shandro, and Winkler [37] and Pereira et al. [43] towards the 
understanding and assessment of the health impacts of the extractive industries in the region. We 
found that available research is scarce and provides limited evidence on SRH in LAC mining 
contexts. This is significant considering the numerous communities along LAC that have 
experienced a mining boom during the past decade, with unknown effects on their SRH. The critical 
gaps identified include little knowledge on 1) broader SRH impacts besides HIV/STDs, 2) SRH in 
settings different from gold-mining contexts in Amazon countries, 3) mechanisms shaping SRH in 
LAC mining contexts, and 4) effective interventions in these scenarios. We expect these findings 
stimulate LAC research teams, stakeholders, and communities interested in sexual and reproductive 
health and rights, gender equity, environmental justice, occupational health, and community health, 
to advocate for and conduct new investigations on this critical but neglected topic of public health 
research. 
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3.0  SEXUAL AND REPRODUCTIVE HEALTH IN COLOMBIAN MINIG 
CONTEXTS 
3.1 THE GOLD-MINING BOOM IN COLOMBIA 
Colombia, the leading producer of coal and one of the top five gold producers in Latin America 
and the Caribbean (LAC) [65], has experienced a mining boom phenomenon since the early 
2000’s. The mining sector represented 2% of the gross domestic product (GDP) and less than 14% 
of the exports during the 1990’s, increasing to near 3% of the GDP and more than 20% of the 
exports in the next decade [66]. Between 2004 and 2010, the number of mining permits and the 
area of land granted for mining increased by almost 300%, encompassing nearly 10% of the 
Colombian land [65]. In 2011, artisanal and small-scale mining (ASM) and medium-scale mining 
(MSM) represented 72% and 26% of all mining operations and employed 48% and 26% of all the 
workforce, respectively [15, 67]. In the same year, ASM and MSM were estimated to directly 
employ near 314,000 people in the country [68].  
In this scenario, the gold-mining boom has received the most attention because of its 
environmental and social impacts at the local level. Gold is a high-valued mineral that can be 
extracted from operations of any scale (artisanal to industrial-scale mining) and different sources 
(alluvial and underground mines). Given the considerable increase in the international gold price 
during the 2000’s [25], there was an expansion of operations and intensification of production in 
the country, principally across the Pacific region and the department of Antioquia [14]. In 2011, 
informal gold mining reached almost 30% of all operations in the country [15]. Until 2014, alluvial 
gold exploitation had affected areas of 17 of the 32 departments of Colombia, with severe impacts 
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especially on Afro-descendant and indigenous territories [14]. Currently, the gold-mining region 
of Antioquia is considered the place with the highest mercury pollution per capita worldwide, as 
this substance is regularly used in the amalgamation process of gold ASM and MSM [32]. During 
the past decade, the gold economy attracted armed groups to the mining places (guerrilla and 
paramilitary groups, criminal organizations, and military forces) as criminal activities expanded 
from illegal drugs to mining [16-18]. Civil organizations reported human rights violations (e.g., 
homicides, kidnappings, extortion, and forced displacement) against miners and local communities 
[17, 18]. Women organizations reported that women, mainly from rural places, were affected by 
the displacement of traditional livelihoods by the gold-mining economy; lack of job opportunities 
within the mining sector; criminalization and stigmatization of women organizations; and gender 
violence in mining places (e.g., physical and sexual violence, and servitude and human trafficking 
for sex commerce) [19, 20]. The reported impacts of the boom phenomenon suggest broad effects 
on the sexual and reproductive health (SRH) of local populations, principally among vulnerable 
groups like rural women and adolescents.  
3.2 RESEARCH NEEDS 
In Colombia, only the study by Castro-Arroyave et al. (2016) has explored a SRH issue in a mining 
context. Set in a gold-mining community of the department of Antioquia, the study described an 
intervention of HIV prevention that included the measurement of the prevalence of HIV and 
syphilis [54]. The authors found no cases of HIV but a high prevalence of syphilis (2.2%) among 
the sample group (n=189) drawn from the general population. The authors also reported little 
knowledge, stigmatization, and false beliefs regarding HIV among the participants, at the first 
24 
stages of the intervention. Despite the limitations in generalizability, these results raise questions 
about the HIV situation in mining places in Colombia, as they differ from the high HIV prevalence 
commonly described in mining settings in LAC (Chapter 2) and other mining contexts worldwide 
[2, 3]. The study by Castro-Arroyave et al. generates further interrogations on how the general 
SRH situation has been impacted by the recent mining phenomenon, for instance, regarding sexual 
violence, intimate partner violence, fertility patterns, use of contraception, teenage pregnancy, 
abortion, maternal health, and access to SRH services.  
As suggested in Chapter 2, more investigation about SRH in mining contexts in Latin 
America and the Caribbean (LAC) is required. Future studies must address critical gaps in 
knowledge that include the restricted examination of SRH, so far only concerned with HIV/STDs 
issues. New investigations must consider, among the conceptual and methodological challenges, 
the use of a comprehensive approach for SRH; the inclusion of the mining context as an analytical 
construct; the characterization of the mining operations; and the use of multilevel approaches 
(Chapter 2).   
3.3 CONCEPTUAL FRAMEWORK  
Two theoretical approaches ground the examination of the relationship between the gold-mining 
boom and fertility in Colombia. There is the social disruption approach, which provides the basis 
for a mining boom context definition. In addition, there is the intermediate factors of fertility 
approach, which provides the rationale for the use of fertility as a comprehensive measure for SRH. 
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3.3.1 The social disruption approach and the mining boom context 
Early literature from the United States described boomtowns as rural and remote communities with 
new mining or energy developments causing unprecedented demographic changes, intense 
demand on services and facilities, and social heterogeneity due to increased in-migration [69]. 
Emerged from the observation of the social life in boomtowns, social disruption was defined as a 
generalized crisis in most of the social aspects of the community, i.e. services and facilities, crime 
control, role structure, social values, and social ties [69: p. 231].  
As discussed in Chapter 2, disruptive demographic, socioeconomic, and gender dynamics 
in mining contexts in periods of full-extraction have been commonly reported worldwide. 
Outnumbered male labor migration to mining boom places and high mining wages have been 
related to increases in the local cost of living [56]. Living conditions of mineworkers (i.e., single-
sex lodging, isolation, and separation from families) have been linked to an increased demand for 
recreational services (alcohol, drugs, and sex services); increases in the number of bars, nightclubs 
and brothels; and rises in crime and violence—including sexual violence [5, 36, 48, 59-61, 70, 71]. 
The mining economy has been related to a displacement of local economies and an increased 
dependency on this sector, determining a greater vulnerability among the population not involved 
in mining, principally ethnic minority groups [57, 58, 72, 73]. Women, in particular, have much 
less access to the economic benefits of mining than men (linked to a shift in their traditional roles, 
engagement in subordinate mining jobs, and unequal payment as miners) [35, 62]; which leads 
them to a greater dependency on males [60]. Extreme poverty conditions may lead women and 
young girls to become involved in transactional sex, prostitution, bonded labor, and sexual 
exploitation [4, 8, 35, 36].  
26 
Following the social disruption approach and founded on the literature about the impacts 
of mining on communities, the mining boom context can be defined as the place with a rapid 
increase in mining production (either in non-mining or traditional mining places) where disruptive 
demographic, socioeconomic, and gender dynamics are triggered by the mining economy. The 
assessment of this notion requires the operationalization of a variable for mining boom as a 
function of temporality (stages of pre-boom, boom, and post-boom) and magnitude of production 
relative to the local context.  
3.3.2 The intermediate factors of fertility 
Fertility has served to examine the interactions between socioeconomic, cultural, and 
environmental factors and biological aspects of human reproduction. Developed by Davis and 
Blake (1956) [19], the intermediate factors approach established that there are intermediate 
variables through which contextual factors influence population fertility.  
The intermediate factors can be grouped into three categories. First, variables associated 
with the frequency of sexual intercourse among women, which include the age of onset of sexual 
intercourse, age at first marriage, and time between unions. In a review of the effects of disruptive 
events on fertility, Hill (2005) also mentioned as factors in this category sexual intercourse outside 
unions, coercive sex, and commercial sex [20]. Second, intermediate factors associated with the 
conception which include the use of contraception and factors leading to temporary or permanent 
infertility (i.e., diseases, breastfeeding, or sterilization). Third, variables associated with gestation, 
mainly related to intrauterine mortality (e.g., spontaneous or induced abortion) [19, 20]. This 
approach is appropriate for the study of fertility as a comprehensive measure for SRH since it 
addresses fertility change as a function of different SRH factors.  
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As previously described, the disruptive dynamics in mining contexts may lead to increases 
in early marriage and early sexual intercourse initiation, demand for sex services and commercial 
sex, transactional sex, and sexual violence. The context of social disruption may also influence 
behavioral factors such as the non-use of contraception or affect the reproductive decision-making 
among women. Finally, it may have impacts on fertility by determining potential toxicological 
effects of environmental pollution including increased infertility or pregnancy loss. 
In conclusion, according to the social disruption and intermediate factors of fertility 
approaches, the context of social disruption triggered by a mining boom would influence critical 
aspects of the SRH of the population (sexual behaviors, sexual risk factors, sexual violence, and 
reproductive health conditions among women), as intermediate factors, that may converge in the 
determination of particular fertility patterns.  
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4.0  SPECIFIC AIMS  
In response to the research challenges regarding the relationship between mining and sexual and 
reproductive health (SRH) in the context of the recent mining boom phenomenon in Colombia, I 
attempt to address the following research question: Is there a relationship between the recent gold-
mining boom and SRH in local contexts in Colombia? To this end, the purpose of this study was 
to examine the relationship between the gold-mining boom and fertility—as a comprehensive 
measure for SRH, in Colombian municipalities, between 2001 and 2015. 
This dissertation study tests the hypothesis that there is an association between the gold-
mining boom experienced in Colombia since the mid-2000’s and the fertility patterns, at the 
municipal level; and therefore, that there is a relationship between mining and SRH—not restricted 
to HIV/STDs, that needs to be further examined in mining contexts in LAC. 
The specific aims of the study are to: 
1. Construct a measure of the municipal gold-mining boom, based on available data on gold-
mining production by municipality, between 2001 and 2015.  
2. Measure municipal fertility rates between 2001 and 2015. This aim involves measuring 
general fertility rates (GFR), age-specific fertility rates (ASFR), and total fertility rates 
(TFR), by using available data from the civil registration system.  
3. Explore the trajectories of gold-mining, fertility, and socioeconomic variables at the 
municipal level, between 2001 and 2015.  
4. Measure the longitudinal association between the gold-mining boom and fertility at the 
municipal level, between 2001 and 2015.  
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5.0  METHODOLOGICAL APPROACH 
I conducted a longitudinal ecological study using a multilevel model of change design, with 
municipality as the unit of analysis. I created a longitudinal (municipality-year) dataset from 
national databases on gold-mining production, births, and socioeconomic characteristics of the 
municipalities. The data covered the period between 2001—from which yearly data on mining was 
available—and 2015.  
5.1 MUNICIPALITIES AS UNITS OF ANALYSIS 
The municipality is the primary territorial and administrative entity of the Colombian government. 
There are 1122 municipalities in the 32 departments of Colombia. In 2016, 89% of the 
municipalities (N=994) had a population of less than 50,000 people; 6% (N=65) had between 
50,000 and 100,000; and 5% (N=63) had a population greater than 100,000. I excluded the ten 
municipalities created during the study period (in different years between 2001 and 2015). The 
study finally included 1112 municipalities.  
In this analysis, municipality is the level of measurement and municipality-year is the 
period of measurement for a given place. The municipality-year allows for examining time-varying 
predictors [74], in this case, the relationship between the outcome—fertility—and time within each 
municipality. The study includes n=16,680 municipality-years that correspond to 1112 clusters of 
15 municipality-years each.  
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5.2 MEASURES  
5.2.1 Gold-mining measures 
In Chapter 3, I conceptualized the mining boom context as the place with a rapid increase in mining 
production (either in non-mining or traditional mining places) where disruptive demographic, 
socioeconomic, and gender dynamics are triggered by the mining economy (p. 23). In accordance 
with this notion, I defined municipal gold-mining boom as the period characterized by a rapid and 
extreme growth in gold production that may have an impact over the municipal socioeconomic 
dynamics. To operationalize this definition, I calculated the measure gold production per capita 
(GPPC), selected the municipalities with substantial GPPC, and constructed the categorical 
variable stages of gold-mining boom (SGMB). 
This section addresses the Specific Aim 1: to construct a measure of the municipal gold-
mining boom, based on available data on gold-mining production by municipality, between 2001 
and 2015. 
5.2.1.1 Municipal gold production per capita 
To calculate the gold production per capita (GPPC), I used, for the numerator, data on gold-mining 
production by municipality, available since 2001 from the National System of Mining Information 
SIMCO (by its Spanish acronym) [75]. For the denominator, I used data on municipal population 
by year, from the National Administrative Department of Statistics DANE (by its Spanish acronym) 
[76]. 
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5.2.1.2 Municipalities with substantial gold production per capita 
Among the 334 municipalities with some gold production per capita by year (>0 gr.), between 2001 
and 2015, several had a marginal production—even during years of maximum local production—
which could not be considered enough to have an impact over the socioeconomic dynamics of the 
municipality. However, there is not a measure that determines how much gold production must be 
considered as marginal or substantial.  
For the purposes of this study, I defined a substantial gold production per capita 
(substantial GPPC) as the production higher than the minimum GPPC among the municipalities 
where the gold-mining sector was the first or second contributing economy. This was based on the 
economic indicator municipal added value VAM (by its Spanish acronym)—available for 2013. 
The VAM is an indicator created by the Colombian Government that measures and ranks the 
contribution of each sector to the municipal economy [77]. This is the only measure in Colombia 
that assesses the gold-mining sector in relation to the local economy. 
Based on the VAM of the gold-mining sector, I identified the gold-mining municipalities 
where this sector was ranked as the first or second contributing economy. Among those 
municipalities, I identified the minimum value of GPPC in 2013; based on this value, I established 
the value for the GPPC threshold. I defined municipalities with substantial GPPC, as those with at 
least one year of GPPC above that threshold.  
5.2.1.3 Construction of the time-varying categorical variable Stages of gold-mining boom 
The categorical variable stages of gold-mining boom (SGMB) characterizes the gold-mining boom 
dynamics as the periods of pre-boom (no extreme change in production in the absence of a recent 
boom period); boom (rapid and extreme growth in production that may be followed by a period of 
rapid decline); and post-boom (no extreme change in production following a boom period).  
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To construct the SGMB variable, I followed two steps:  
First, identification of municipality-years with extreme changes in gold production per 
capita. I defined extreme change in gold production per capita (extreme ∆GPPC) as an outlier 
value of the municipal distribution of change in GPPC per year, in the period 2001-2015. According 
to the definition of a statistical outlier, an extreme ∆GPPC corresponds to the absolute value of the 
change in GPPC in a year (|∆GPPC|year i) that is greater than 1.5 times the interquartile range above 
the third quartile of the municipal distribution of change (absolute values of change per year, 
between 2001 and 2015):  |∆𝐺𝐺𝐺𝐺𝐺𝐺𝐶𝐶|𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 𝑖𝑖 > (𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼𝐼 |∆𝐺𝐺𝐺𝐺𝐺𝐺𝐶𝐶|�20152001�*1.5) +  𝐼𝐼3 |∆𝐺𝐺𝐺𝐺𝐺𝐺𝐶𝐶|�20152001�;  
where, ∆𝐺𝐺𝐺𝐺𝐺𝐺𝐶𝐶𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 𝑖𝑖 = 𝐺𝐺𝐺𝐺𝐺𝐺𝐶𝐶𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 𝑖𝑖 − 𝐺𝐺𝐺𝐺𝐺𝐺𝐶𝐶𝑦𝑦𝑦𝑦𝑦𝑦𝑦𝑦 𝑖𝑖−1.  
This definition enables us to identify the municipality-years with an extreme ∆GPPC 
independently of the size of municipal production and considering the dispersion of change in each 
municipality. 
Second, categorization of Stages of gold-mining boom. Based on the exploration of 
trajectories of municipal GPPC and the identification of years with extreme ∆GPPC, I defined four 
mutually exclusive categories for the municipal stages of gold-mining boom (SGMB):  
• Pre-boom—no extreme ∆GPPC or a rapid decline in production in the absence of a recent 
boom period:  
- a year with no extreme ∆GPPC that did not follow a boom-up or boom-down period or 
that followed three consecutive post-boom years;  
- a year with a rapid decline (negative extreme ∆GPPC) that did not follow a boom-up 
period; 
- all years of municipalities with no substantial GPPC. 
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• Boom-up—rapid and extreme growth and maximum production:  
- a year of rapid growth (positive extreme ∆GPPC);  
- two consecutive years of rapid growth (which sum of ∆GPPC was equal to one year of 
positive extreme ∆GPPC); 
- a year with no extreme ∆GPPC in the period that followed a rapid increase (maximum 
three consecutive years after a rapid increase period).  
• Boom-down—rapid and extreme decline in production following a period of boom-up:  
- a year of rapid decline (negative extreme ∆GPPC) that followed a boom-up period;  
- two consecutive years of rapid decline (which sum of ∆GPPC is equal to one year of 
negative extreme ∆GPPC) that followed a boom-up period;  
- a year with no extreme ∆GPPC between periods of rapid decline (maximum three 
consecutive years between rapid decline periods).  
• Post-boom—no extreme ∆GPPC following a boom period:  
- a year with no extreme ∆GPPC in the period that followed a boom-up or boom-down 
period (maximum three consecutive post-boom years).  
The time-varying categorical variable SGMB represents the municipal status regarding a gold-
mining boom at each year. 
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Example of the construction of the variable Stages of gold-mining boom in a municipality 
Figures 2 to 5 illustrate the two steps for the construction of the SGMB categorical variable in one 
municipality with substantial GPPC, randomly selected for this purpose (MUN-ID 05790).  
 
Figure 2. Gold production per capita in the municipality 05790, between 2001-2015 
Figure 2 shows the gold production per capita (GPPC) trajectory for this municipality, with two 
peaks of production in 2003 and 2009.  
Figures 3 and 4 illustrate the first step of the construction of the SGMB categorical variable: 
identification of municipality-years with extreme ∆GPPC.  
 
Figure 3. Change in gold production per capita in the municipality 05790, between 2001-2015 
Figure 3 shows the change in gold production per capita (∆GPPC) in correspondence with the 
cumulative GPPC. 
35 
 
Figure 4. Absolute change in gold production per capita in the municipality 05790, between 2001-2015 
Figure 4 shows the absolute values of change in gold production per capita (|∆GPPC|), in relation 
with the limit of the municipal distribution of change (|∆GPPC|�20152001�) for the definition of the outliers. 
The absolute change in 2003 was higher than the limit for this municipality, 103.4 gr. p/capita. The 
sum of the absolute changes for 2004-2005 and the sum for 2008-2009 were equivalent to one year 
of extreme ∆GPPC.  
 
Figure 5. Stages of gold-mining boom in the municipality 05790, between 2001-2015 
Figure 5 illustrates the second step, categorization of Stages of gold-mining boom (SGMB), by 
showing the municipality-years categorized as pre-boom (2001-2002), boom-up (2003 and 2008-
2012), boom-down (2004-2005), and post-boom (2006-2007 and 2013-2015). The boom-up period 
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between 2008 and 2012 included two years of rapid growth—as shown in Figure 4 (2008-2009), 
followed by three consecutive years with no extreme ∆GPPC (smooth declines instead of abrupt, 
between 2010 and 2012). 
5.2.2 Fertility measures 
This section addresses the Specific Aim 2 of the study: to measure municipal fertility rates between 
2001 and 2015. For this purpose, I calculated three fertility measures by municipality of residence 
of the mother and year: general fertility rates (GFR), age-specific fertility rates (ASFR), and total 
fertility rates (TFR) (Table 2).  
Table 2. Definitions and calculation of fertility measures 
Fertility measure Definition Calculation 
General fertility rate The total live births per 1000 women aged 15-49, 
in a year 
 
GFR = (B/P)*1000 
Age-specific fertility rate The live births per 1000 women classified in five-
year age groups, in a year 
 
ASFRa = (Ba/Pa)*1000 
 
Total fertility rate The average number of children who would be 
born per women, according to the schedule of age-
specific fertility rates in the same year 
 
TFR = (∑ ASFRa) *5)/1000 
B: live births to women. P: population of women. a: age group of women (there are seven 5-year groups within the range 
15-49 years of age). 
 
 
The GFR—total live births per 1000 women aged 15-49, is a fertility measure that describes the 
population fertility in a period, partially controlling for the age composition of the population (as 
it accounts for the population of women of reproductive age). Despite useful to have a general 
picture of the fertility changes in a place, the GFR may be difficult to compare between 
municipalities with different age structures of the female population [78]. The ASFR—livebirths 
per 1,000 women in a specific five-year age group, resolves this limitation by measuring fertility 
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over the specific population of women in each age group. The ASFR measures the age pattern of 
fertility, it is particularly sensitive to fertility changes and provides useful insights about the 
adolescent fertility patterns [78]. The ASFR serves to calculate the TFR—the estimated number 
of children that a woman would have by age 50 at the rates observed among the age groups in a 
given period. The TFR is a hypothetical measure that allows anticipating the completed fertility 
per woman if the age patterns of fertility would remain unchanged. Contrary to the GFR, variations 
in the age composition of the population do not affect TFR, which allows for comparisons between 
populations with different age structures. The TFR is associated with the contraceptive prevalence 
and serves as a proxy to assess the impact of family planning services on unintended fertility [78]. 
For the calculation of the three fertility rates, I used births data, from the civil registration 
system, for the numerators; and data on the municipal population of women by five-year age 
groups and by year, from the DANE [76], for the denominators.  
The civil registration system provides the best available data on births at the local level, in 
Colombia. It provides annual data of all municipalities that allow for longitudinal analyses and 
examination of fertility trends by municipality, as well as comparisons within the country. These 
characteristics have advantages over the demographic and health surveys (DHS) as alternative 
sources of data, which provides only representative data at the state level (with a sample of 
municipalities by state). The coverage of the civil registration system in Colombia has been higher 
than 90% since the 2000s. The municipalities may have, however, differential performances of the 
local information systems, with variations in the coverage and quality of data. As I explain in 
section 5.3.2.1, to address this limitation, I conducted a sensitivity analysis with municipalities 
with adequate live birth coverage by 2005, to assess the robustness of the results from the analyses 
with all the municipalities. 
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5.2.3 Socioeconomic measures 
As for the socioeconomic aspects, I included variables with available data (municipality-level data 
by year from 2001 to 2015) that could confound the relationship between the gold-mining boom 
and fertility: rurality (rural index), internal conflict violence (internal conflict victimization rate—
ICVR), and coca production (percentage of coca crops area).  
As mentioned in Chapter 3, the gold-mining boom in Colombia relates with the location of 
mining operations in rural and remote places [14], as well as, with criminality and violence against 
miners and local population associated with the presence of armed groups [16-18]. Additionally, 
a study by UNODC and the Colombian Government (2016) highlighted the association between 
the location of mining operations and the location of coca crops [14].  
As for fertility, previous studies show associations with rurality (as consistently presented 
in the Demographic and Health Surveys in Colombia) [79-81] and violence (mainly regarding 
adolescent fertility) [82]. Castro Torres and Urdinola (2018) showed that, between 2000 and 2010, 
the internal armed conflict in Colombia had a positive association with fertility in rural areas [83].  
The non-inclusion of additional socioeconomic variables likely correlated with both the 
gold-mining boom and fertility (e.g., poverty, labor migration, or school attendance) responded to 
the lack of longitudinal data for these variables at the municipality level.  
Based on this knowledge and the availability of data, I included as confounders the 
following socioeconomic variables: rural index—the ratio of rural over total population (data from 
the Centro de Estudios sobre Desarrollo Económico CEDE) [84]. Internal conflict victimization 
rate (ICVR)—the number of victimization events of any type of violence associated with the 
internal conflict and registered in the National Registry of Victims RUV (by its Spanish acronym) 
per 1000 population [85]. The types of violence leading to a victimization event include forced 
39 
displacement, terrorist attack, sexual violence, homicide, kidnapping, torture, anti-personnel 
mines, and others. Percentage of coca crops area—the percentage of municipal area (in hectares) 
with coca crops (data from the Drugs Observatory of Colombia) [86]. For the calculation of the 
ICVR and the percentage of the area of coca crops, I used as denominators data on municipal 
population and the municipal area from the DANE and CEDE [76, 84].  
5.3 ANALYSIS 
5.3.1 Descriptive analyses 
This section addresses the Specific Aim 3 of the study: to explore the trajectories of gold-mining, 
fertility, and socioeconomic variables at the municipal level, between 2001 and 2015. For the 
exploration of the gold-mining trajectories, I examined the empirical growth plots of the gross gold 
production, gold production per capita (GPPC), change in gold production per capita (∆GPPC), 
and stages of gold-mining boom (SGMB) of municipalities with substantial GPPC. As previously 
mentioned, the examination of the trajectories of GPPC and ∆GPPC informed the construction of 
the SGMB variable. As for the fertility trajectories, I observed the municipal fertility trends during 
the study period aggregated for all the municipalities and the municipalities with substantial GPPC 
and a gold-mining boom. Finally, I characterized the municipality-years aggregated by types of 
municipalities (according to the production of gold and the presence of a gold-mining boom) and 
SGMB categories—among the municipalities with substantial GPPC and a gold-mining boom, by 
rurality (rural index), internal conflict violence (internal conflict victimization rate—ICVR), and 
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coca production (percentage of coca crops area). I used SPSS (version 24) for the descriptive 
statistics.  
5.3.2 Multilevel models of change 
This section addresses the Specific Aim 4 of the study: to measure the longitudinal association 
between the gold-mining boom and fertility at the municipal level, between 2001 and 2015.  
To this purpose, I used a multilevel regression model of change to test the association 
between the stages of gold-mining boom (SGMB) and changes in fertility rates (trajectories), in 
municipalities of Colombia, between 2001 and 2015. The multilevel model of change collapses a 
level-1 sub-model, referred to each municipality growth model; and a level-2 sub-model referred 
to the systematic inter-municipal differences in change. In other words, the model distinguishes 
change within each subject (municipality) and differences in change between subjects (clusters of 
municipality-years) [74]. The goal of the level-1 analysis is to characterize each municipal shape 
or pattern of change; the goal of the level-2 analysis is to determine the relationship between 
predictors and the shape of each municipality growth trajectory.  
According to Singer and Willet (2003) [74], the study of change requires, first, multiple 
waves of data; for this study, there are fifteen waves of data corresponding to available municipal 
data on mining production and births by year (between 2001 and 2015). Second, it requires a 
sensible metric of time; corresponding to YEAR, in this analysis. Third, it needs a continuous 
outcome that systematically changes over time; corresponding, in this case, to fertility rates (GFR, 
ASFR, TFR). For the fertility variables, I assessed normality by observing Histograms, Stem-and-
Leaf plots, and Q-Q plots and performing the Kolmogorov-Smirnov test. Normality was met for 
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GFR and TFR, and for the ASFRs of the age groups in the range 15-39. Normality was not met 
for the ASFR of the age groups 10-14 (not included in the calculation of TFR), 40-44, and 45-49.  
The multilevel model of change allows for addressing clustering since part of the variance 
could be explained by differences between municipalities; clustering implies that the observations 
within municipalities (municipalities-years) are correlated. Also, the model is appropriate because 
the trajectories of municipal fertility rates, as well as the effect of time, are appreciably different 
for each municipality (see Chapter 6, Section 6.1.2). As explained by Singer and Willet (2003) 
[74], with the multilevel model of change it is possible to have different subject trajectories for the 
outcomes with distinguishable shapes (nonlinear), as it is the case in this study. 
I developed four composite models for the outcomes GFR and TFR: a) an initial growth 
model, with YEAR as predictor; b) a conditional growth model that included the main effect of 
SGMB; c) a conditional growth model with SGMB controlling for the confounders with significant 
association with fertility rates and SGMB (I tested the associations of each of the three confounders 
with the independent and dependent variables SGMB, GFR, and TFR); and d) a conditional growth 
model with SGMB controlling for all three confounders. For each ASFR five-year age group, I 
developed one conditional growth model with SGMB and YEAR as predictors. Since the ASFR 
of the age group 10-14 did not meet the normality assumption and the model for this variable 
showed an association with the SGMB (see Chapter 6, Section 6.2.3), I developed a specific model 
with a log-transformed ASFR10-14 variable. 
As an example of the multilevel models of change, below is the statement for model b) a 
conditional growth model for GFR with the main effect of SGMB.  
𝑌𝑌𝐼𝐼𝑖𝑖 = 𝛽𝛽0 + 𝛽𝛽1𝑋𝑋1𝐼𝐼𝑖𝑖 + 𝛽𝛽2𝑋𝑋2𝐼𝐼𝑖𝑖 + 𝑏𝑏0𝐼𝐼 + 𝑏𝑏1𝐼𝐼𝑋𝑋1𝐼𝐼𝑖𝑖 + 𝜖𝜖𝐼𝐼𝑖𝑖 
where,  
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ith = Municipality  
jth = Observation 
𝑌𝑌𝑖𝑖𝑖𝑖 = General Fertility Rate (GFR) 
𝑋𝑋1𝑖𝑖𝑖𝑖 = YEAR 
𝑋𝑋2𝑖𝑖𝑖𝑖  = Stages of Gold Mining Boom (SGBM) 
𝛽𝛽0,𝛽𝛽1,𝛽𝛽2 = Fixed effects 
𝑏𝑏0𝑖𝑖, 𝑏𝑏1𝑖𝑖, 𝜖𝜖𝑖𝑖𝑖𝑖= Random effects   
I used SAS (version 9.4) for the statistical analyses. 
5.3.2.1 Sensitivity analysis  
The coverage and quality of data may differ between municipalities as local governments may 
have different performances on their information systems. As for the fertility measures, births 
among rural and minority populations (i.e., ethnic minority groups) may be underreported given 
the limited coverage of the civil registration system in some municipalities (less than 90%). Given 
this limitation, I conducted a sensitivity analysis to test the robustness of the results from the 
multilevel models of change, by including in the models for GFR and TFR only the municipalities 
with adequate livebirth coverage by 2005 (N=191) [87]. The consistency of the results would 
indicate that the models that include all the municipalities (N=1112) provide valid and robust 
findings.  
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6.0  RESULTS 
6.1 DESCRIPTIVE RESULTS 
The findings in this section respond to the Specific Aim 3 of the study: to explore the trajectories 
of gold-mining, fertility, and socioeconomic variables at the municipal level, between 2001 and 
2015. 
6.1.1 Municipal gold-mining trajectories 
In this part, I present the trajectories of the national gross gold production and the municipal gold 
production per capita (GPPC). Among the municipalities with substantial GPPC, I describe the 
municipal stages of gold-mining boom (SGMB).  
6.1.1.1 Colombian gross gold production and municipal gold production per capita  
Figure 6 shows two waves of gross gold production in Colombia: the first wave had a peak in 2003 
(46.5 metric tons) followed by a decline (15.3 metric tons in 2007); the second wave was much 
higher, reaching its maximum in 2012 (66.1 metric tons) and followed by a period of sustained 
production (around 57 metric tons).  
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Figure 6. National gross gold production, Colombia, 2001-2015 
At the municipal level, the GPPC—right skewed—had a different pattern for the median: flat 
between 2001 and 2011 (<0.4 gr p/capita) with a substantial increase in 2012 (>1 gr p/capita) 
(Figures 7).  
 
Figure 7. Median municipal gold production per capita, Colombia, 2001-2015 
Figure 8 shows that the number of municipalities with a GPPC >1 gr p/capita increased after 2011 
(>70 municipalities) despite the decrease in the total number of municipalities with gold 
production (from 196 in 2010 to the lowest number in 2014, 148).  
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Figure 8. Municipalities by ranges of gold production per capita, Colombia, 2001-2015  
These results indicate that the first wave of gross gold production in Colombia occurred with little 
change in the number of municipalities with intensified gold exploitation; in contrast, the second 
wave was related with the increase in the number and proportion of municipalities with intensified 
production after 2011.  
Table A1 in Appendix A shows the complete information on the national and municipal 
gold-production, between 2001-2015. 
6.1.1.2 Municipalities with substantial gold production per capita 
The gold-mining sector contributed to the local economy (municipal added value VAM, by its 
Spanish acronym) in 50 municipalities, in 2013. In 26 municipalities, the gold mining constituted 
the first economic sector with a median contribution of 46% of the municipal economy; and the 
second sector in 6 municipalities, with a median contribution of 12% of the local economy. As 
shown in Figure 9, the minimum gold production per capita (GPPC) among these 32 municipalities 
was 11.7 gr. p/capita.  
Ranges of 
GPPC 
(gr. p/capita) 
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Figure 9. Gold production per capita (GPPC) of municipalities where the gold-mining sector was the first or second 
contributing economy, Colombia, 2013  
 
Based on these findings, I established a GPPC threshold of 10 gr. p/capita to define the 
municipalities with substantial GPPC. Out of the 334 municipalities that had some gold production 
during the study period, 88 municipalities had at least one year with a GPPC ≥ 10 gr. p/capita. 
6.1.1.3 Stages of gold-mining boom  
The construction of the SGMB measure responded to the Specific Aim 1. Out of the 88 
municipalities with substantial GPPC between 2001 and 2015 (≥ 10 gr. p/capita in at least one 
year), ten did not show extreme increases in gold production per capita that determine a category 
of rapid growth (boom-up). In those ten municipalities, the gold production can be considered as 
substantial but regular.  
Table 3 shows the distribution of years by the stages of gold-mining boom (SGMB) 
categories among the 78 municipalities with substantial gold production per capita and a gold-
mining boom.  
11.7 
gr. p/capita 
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Table 3. Distribution of years by stages of gold-mining boom among municipalities with substantial gold production 
per capita and a gold-mining boom (N=78), Colombia, 2001-2015  
 
The average time of the boom-up period by municipality was 2.2 years; of boom-down, one year; 
and of post-boom, 1.9 years. Out of the 1170 municipality-years—corresponded to 78 clusters of 
15 municipality-years, 21.2% (n=248 municipality-years) were categorized as boom years (boom-
up and boom-down). 
Figure 10 shows the distribution of SGMB categories by year among the 78 municipalities 
in which the category boom-up was determined.  
 
Figure 10. Stages of a gold-mining boom among municipalities with substantial gold production per capita and a 
gold-mining boom, Colombia, 2001-2015  
 
The periods with the highest number of municipalities in a stage of rapid growth in gold production 
(boom-up) were 2003-2005 (17% in 2003) and 2008-2015 (31% in 2012). The periods with the 
highest number of municipalities in a stage of boom decline were 2004-2006 (13% in 2004) and 
2011-2015 (15% in 2013). The periods with the highest number of municipalities in a post-boom 
Mean Median S.D. Max Min
pre-boom 9.9 10.0 2.0 14 2 771 (66%)
boom_up 2.2 2.0 1.4 7 1 170 (14.5%)
boom_down 1.0 1.0 0.8 4 0 78 (6.7%)
post-boom 1.9 3 1.4 5 0 151 (13%)
1170 (100%)
Years by municipality Total 
Municipality-Years (%)
0%
10%
20%
30%
40%
50%
60%
70%
80%
90%
100%
pre-boom
boom_up
boom_down
post-boom
N=78
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stage were 2005-2009 (24% in 2007) and 2011-2015 (31% in 2014). Table A2 in Appendix A 
shows the complete information on the municipal SGMB, between 2001-2015. 
This distribution shows two common periods of boom: 2003-2006 and 2008-2015. The 
years with most municipalities in each of the stages of boom correspond to 2003 (boom-up), 2004 
(boom-down), 2007 (post-boom), for the first wave; and 2012 (boom-up), 2013 (boom-down), and 
2014 (post-boom), for the second wave.  
6.1.2 Municipal fertility rates 
In this part, I present the municipal trajectories of the general fertility rates (GFR), age-specific 
fertility rates (ASFR), and total fertility rates (TFR), between 2001 and 2015, which correspond to 
the Specific Aim 2 of the study.  
Trajectories of municipal fertility rates (GFR and TFR) of municipalities with gold 
production, substantial GPPC, and substantial GPPC and a gold-mining boom; I observed 
trajectories appreciably different for each municipality (e.g. decreasing trends along the study 
period or municipalities with flat or increasing trends during different parts of the study period). 
Figures 11 and 12 show the GFR and TFR among all municipalities (N=1112) and the 
municipalities with substantial GPPC and a gold-mining boom (N=78). The averages of municipal 
GFR and TFR among all municipalities followed a decreasing trend. Among the municipalities 
with substantial GPPC and a gold-mining boom, the fertility trajectories showed lower averages 
in the first years of the study period (between 2001 to 2004, for the GFR; and 2001 to 2008, for 
the TFR).  
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CI 95% 
* Municipalities with substantial GPPC and a gold-mining boom 
Figure 11. Municipal general fertility rates (GFR), Colombia, 2001-2015  
 
CI 95% 
* Municipalities with substantial GPPC and a gold-mining boom 
Figure 12. Municipal total fertility rates (TFR), Colombia, 2001-2015 
Figure 13 shows the age-specific fertility rates (ASFRs) among all municipalities (N=1112) and 
the municipalities with substantial GPPC and a gold-mining boom (N=78). 
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Figure 13. Municipal age-specific fertility rates (ASFR), Colombia, 2001-2015  
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The averages of ASFRs for all municipalities and municipalities with substantial GPPC and a gold-
mining boom showed different trajectory patterns for the age groups in the range 15-34: lower 
averages during the first half of the study period (Figure 13).  
Appendix B shows the complete information on the municipal fertility rates (GFR, TFR, 
ASFR), between 2001-2015. 
6.1.3 Municipal socioeconomic variables 
Figures 14 to 16 show the trajectories of the municipal rural index, internal conflict victimization 
rate (ICVR), and percentage of coca crops area, among all municipalities (N=1112) and the 
municipalities with substantial GPPC and a gold-mining boom (N=78).  
The trajectories o the rural indexes progressively decreased for both groups of 
municipalities (N=1112 and N=78) (Figure 14). The median rural index among municipalities with 
substantial GPPC and a gold-mining boom were similar to the median of all the municipalities.  
 
CI 95% 
* Municipalities with substantial GPPC and a gold-mining boom 
Figure 14. Municipal rural index, Colombia, 2001-2015 
M
ed
ia
n 
Ru
ra
l I
nd
ex
  
52 
As presented in Figure 15, the municipal ICVR among all municipalities decreased since 2002. 
Among the municipalities with substantial GPPC and a gold-mining boom (N=78), the median 
and mean municipal ICVR were higher (along the study period and after 2006, respectively), 
following a sinuous trajectory (highest ICVR in 2001-2002, 2007-2008, and 2013).  
 
CI 95% 
* Municipalities with substantial GPPC and a gold-mining boom 
Figure 15. Municipal internal conflict victimization rate (ICVR), Colombia, 2001-2015 
 
CI 95% 
* Municipalities with substantial GPPC and a gold-mining boom 
Figure 16. Municipal percentage of coca crops area, Colombia, 2001-2015 
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As Figure 16 shows, the median percentage of coca crops area of all municipalities between 2001 
and 2015 was zero, indicating that most of the municipalities had no coca production during the 
study period. Among the municipalities with substantial GPPC and a gold-mining boom (N=78), 
the median followed a similar trajectory, with a slight (but not significant) increase after 2007. On 
the contrary, the mean percentage of coca crops area followed different patterns. Among all 
municipalities, the trajectory was flatter with a little peak in 2007. Among the municipalities with 
substantial GPPC and a gold-mining boom, the mean was higher between 2003 and 2012, with a 
maximum level in 2007, and a final growth after 2013. These patterns indicate that the coca crops 
area is concentrated in few municipalities. 
Table 4 shows the distribution of municipality-years by socioeconomic variables, types of 
municipalities (according to the production of gold and the presence of a gold-mining boom), and 
SGMB.  
Table 4. Municipality-years by socioeconomic variables, types of gold-mining municipalities, and Stages of gold-
mining boom, 2001-2015 
 
Median Mean S.D. Median Mean S.D. Median Mean S.D.
pre-boom* 0.65 0.61 0.23 3.7 15.1 41.4 0.00 0.02 0.18 11670
pre-boom* 0.51 0.48 0.26 6.8 19.8 44.1 0.00 0.05 0.28 3690
pre-boom 0.52 0.56 0.23 17.2 28.4 34.0 0.04 0.10 0.16 150
pre-boom 0.64 0.64 0.19 19.8 41.0 86.3 0.00 0.14 0.32 771
boom_up 0.64 0.62 0.18 20.7 35.5 62.9 0.00 0.13 0.23 170
boom_down 0.64 0.62 0.22 11.8 20.9 23.7 0.00 0.14 0.24 78
post-boom 0.62 0.61 0.19 14.9 27.0 37.8 0.00 0.11 0.21 151
Municipalities with substantial GPPC but no gold-mining boom (N=10)
Municipalities with substantial GPPC and a gold-mining boom (N=78)
* The municipality-years of municipalities with no gold production or no substantial GPPC were all categorized as pre-
boom. 
ICVR: Internal conflict victimization rate. 
Rural index ICVR (per 1000) Area of coca (%)
Municipalities with NO gold production (N=778)
Municipalities with NO substantial GPPC (N=246)
Municipality-
years
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The municipalities with no substantial GPPC (N=246) and substantial GPPC without a gold-
mining boom (N=10) showed the lowest rural index (mean ≤ 0.56; median ≤ 0.52). The 
municipalities with a gold-mining boom (N=78) showed the highest ICVR, during the stages of 
pre-boom and boom-up (Mean >35 victimization events per 1000 people; Median >19); with a 
decrease in the ICVR during the stages of boom-down and post-boom. The municipalities with no 
gold production (N=778) and no substantial GPPC (N=246) showed the lowest ICVR (Mean <20 
victimization events per 1000 people; Median <7). The municipalities with substantial GPPC and 
a gold-mining boom showed the highest mean percentages of coca crops area (Mean >0,11%); 
however, with medians close to zero. Appendix C shows the complete information on the 
municipal socioeconomic data, between 2001-2015. 
6.2 MULTILEVEL MODELS OF CHANGE  
This section responds to the Specific Aim 4 of the study: to measure the longitudinal association 
between the gold-mining boom and fertility at the municipal level, during the study period. The 
results indicate a consistent and positive longitudinal association between the stages of gold-
mining boom (SGMB) and fertility rates in municipalities of Colombia, between 2001 and 2015.  
In this section, I present the findings from the four composite models of change for the 
fertility rates—general fertility rates (GFR), total fertility rates (TFR), and age-specific fertility 
rates (ASFR): a) a growth model, with YEAR as predictor; b) a conditional growth model with the 
main effect of SGMB; c) a conditional growth model with SGMB controlling for the confounders 
with significant association with fertility rates and SGMB; and d) a conditional growth model with 
SGMB controlling for all three confounders. For the third and fourth models, I tested the 
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association of the confounders rural index, internal conflict victimization rate (ICVR), and 
percentage of coca crops area, with SGMB, GFR, and TFR. I found associations between rural 
index and percentage of coca crops area both with SGMB and the fertility rates.  
6.2.1 Change in general fertility rates  
Table 5 shows the results for the models 1 to 4 for the GFR.   
Table 5. Multilevel models of change for the longitudinal association between municipal general fertility rates and 
stages of gold-mining boom, Colombia (N=1112), 2001-2015 
Composite 
model 
Model 1 
Initial growth model 
Model 2 
Conditional growth 
model with SGMB 
Model 3 
Conditional growth 
model with two 
confoundersb 
Model 4 
Conditional growth 
model with three 
confoundersc 
B 95% CI B 95% CI B 95% CI B 95% CI 
Intercept (initial 
status) 
69.86*** 68.51, 71.21 69.86*** 68.5, 71.21 81.93*** 79.2, 84.65 81.96*** 79.24, 84.68 
Year (rate of 
change) 
-1.47*** -1.57, -1.36 -1.47*** -1.58, -1.36 -1.53*** -1.64, -1.42 -1.53*** -1.64, -1.42 
SGMBa         
boom-up    0.88 -0.90, 2.66 0.93 -0.85, 2.71 0.93 -0.85, 2.71 
boom-down    3.51** 1.16, 5.86 3.52** 1.18, 5.87 3.51** 1.16, 5.86 
post-boom   2.24* 0.35, 4.12 2.21* 0.33, 4.10 2.21* 0.33, 4.10 
Goodness of fit         
Deviance 126960.2  126943.7  126820.9  126831.0  
AIC 126968.2  126951.7  126828.9  126839.0  
BIC 126988.3  126971.7  126849.0  126859.1  
a Reference group: SGMB pre-boom. b Confounders with significant association with fertility rates and SGMB: rural index and 
municipal proportion of coca crops. c Confounders based on theory: rural index, municipal proportion of coca crops, and internal 
conflict victimization rate.  ̴  p < 0.1; * p < 0.05; ** p < 0.01; *** p < 0.001. Model 1 is an unconditional growth model. Model 2 
includes the main effect of SGMB as a fixed effect. Models 3 and 4 add the confounders to the model. 
 
Model 1 shows a decreasing trend of GFR during the study period (-1.47 live births per 1000 
women aged 15-49 for each additional year). Model 2 (that includes the SGMB variable) indicates 
that the GFR significantly increased during the stage of boom-down and post-boom (3.51, p < 
0.01; and 2.24, p < 0.05, respectively). Models 3 (controlling for the two confounders with 
association) and 4 (controlling for the three confounders) show little change in the positive 
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association between GFR and the stages of rapid decrease (boom-down) and post-boom. 
According to the goodness of fit tests, the Model 3 explains better the variability of the data. 
6.2.2 Change in total fertility rates  
Table 6 shows the results for the models 5 to 8 for the TFR, which are similar to those observed 
for GFR.  
Table 6. Multilevel models of change for the longitudinal association between municipal total fertility rates and 
stages of gold-mining boom, Colombia (N=1112), 2001-2015 
Composite 
model 
Model 5 
Initial growth model 
Model 6 
Conditional growth 
model with SGMB 
Model 7 
Conditional growth 
model with two 
confoundersb 
Model 8 
Conditional growth 
model with four 
confoundersc 
B 95% CI B 95% CI B 95% CI B 95% CI 
Intercept  2.15*** 2.11, 2.19 2.15*** 2.11, 2.19 2.54*** 2.46, 2.62 2.54*** 2.46, 2.62 
Year  -0.04*** -0.05, -0.04 -0.04*** -0.05, -0.04 -0.04*** -0.05, -0.04 -0.04*** -0.05, -0.04 
SGMBa         
boom-up    0.03 -0.03, 0.08 0.03 -0.03, 0.08 0.03 -0.03, 0.08 
boom-down    0.11** 0.03, 0.18 0.11** 0.03, 0.18 0.11** 0.03, 0.18 
post-boom   0.07* 0.01, 0.13 0.07* 0.01, 0.13 0.07* 0.01, 0.13 
Goodness of fit         
Deviance 11339.1  11343.1  11227.4  11244.6  
AIC 11347.1  11351.1  11235.4  11252.6  
BIC 11367.1  11371.2  11255.5  11272.6  
a Reference group: SGMB pre-boom. b Confounders with significant association with fertility rates and SGMB: rural index and 
municipal proportion of coca crops. c Confounders based on theory: rural index, municipal proportion of coca crops, and internal 
conflict victimization rate.  ̴  p < 0.1; * p < 0.05; ** p < 0.01; *** p < 0.001. Model 5 is an unconditional growth model. Model 6 
includes the main effect of SGMB as a fixed effect. Models 7 and 8 add the confounders to the model. 
 
 
Model 5 shows a significant trend of decline in TFR during the study period (-0.04 points—
children per woman, for each additional year). Model 6 indicates that TFR significantly increased 
during the stage of boom-down (rapid decrease) and post-boom (0.11, p < 0.01; and 0.07, p < 0.05, 
respectively). The Models 7 and 8 show that TFR still increased significantly during the rapid 
decrease stage after controlling for the confounders. Also, the Model 7 represents better the 
variability of the data, as shown by the goodness of fit tests. 
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6.2.3 Change in age-specific fertility rates  
Table 7 shows the results for the models 9 to 16 for the age-specific fertility rates (ASFR).  
Table 7. Multilevel models of change for the longitudinal association between municipal age-specific fertility rates 
and stages of gold-mining boom, Colombia (N=1112), 2001-2015  
 Model 9 
ASFR 10_14 
Model 10 
ASFR 15_19 
Model 11 
ASFR 20_24 
Model 12 
ASFR 25_29 
 B 95% CI B 95% CI B 95% CI B 95% CI 
Intercept  3.47*** 3.18, 3.76 98.37*** 94.73, 102.0 157.67*** 152.9, 162.4 118.8*** 114.8, 122.7 
Year 0.02*** 0.01, 0.04 -1.21*** -1.35, -1.07 -3.70*** -3.90, -3.49 -2.07*** -2.23, -1.91 
SGMBa         
boom-up  0.62** 0.16, 1.07 2.20 -0.91, 5.30 0.18 -4.10, 4.46 3.59  ̴ -0.42, 7.61 
boom-down  0.35 -0.27, 0.97 4.42* 0.29, 8.54 7.52** 1.83, 13.21 4.52  ̴ -0.84, 9.88 
post-boom 0.46  ̴ -0.02, 0.94 4.36** 1.08, 7.65 2.58 -1.95, 7.11 3.62  ̴ -0.62, 7.87 
      
 Model 13 
ASFR 30_34 
Model 14 
ASFR 35_39 
Model 15 
ASFR 40_44 
Model 16 
ASFR 45_49 
 B 95% CI B 95% CI B 95% CI B 95% CI 
Intercept  75.77*** 72.87, 78.67 42.33*** 40.42, 44.23 13.09*** 12.20, 13.98 1.33*** 1.11, 1.54 
Year  -0.92*** -1.05, -0.79 -0.75*** -0.83, -0.66 -0.40*** -0.44, -0.35 -0.06*** -0.08, -0.05 
SGMBa         
boom-up  -1.32 -4.66, 2.02 -0.60 -3.10, 1.91 1.12 -0.39, 2.64 -0.05 -0.69, 0.58 
boom-down  0.31 -4.15, 4.77 4.92** 1.54, 8.30 1.00 -1.09, 3.08 -0.11 -1.01, 0.79 
post-boom -0.09 -3.62, 3.44 1.17 -1.48, 3.82 0.94 -0.66, 2.55 -0.03 -0.71, 0.64 
a Reference group: SGMB pre-boom.  ̴  p < 0.1; * p < 0.05; ** p < 0.01; *** p < 0.001. All models are conditional growth models 
that add the main effects of ASFRa as a fixed effect and include the confounders with significant association with fertility rates and 
SGMB (rural index and municipal proportion of coca crops). 
 
 
Only the Model 9 shows an increasing trend of the fertility rate (ASFR10-14), during the study 
period. The rest of the models show a decreasing trajectory of ASFR, between 2001 and 2015. 
Models 9 to 11 and Model 14 (age groups in the range 10-25, and 35-39) show significant 
increasing trends in ASFR associated with either the stage of boom-up or boom-down. Model 10 
also shows a significant increase in ASFR (for the age group 15-19) in the stage of post-boom.  
Since the ASFR of the age group 10-14 did not meet the normality assumption and the 
model for this variable showed an association with the SGMB, I developed a specific model with 
a log-transformed ASFR10-14 variable (I summed the mean value of the distribution to the ASFR10-
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14 to include the zero values of municipal fertility). The model also showed a significant increasing 
trend in ASFR associated with the stage of boom-up (p < 0.05).  
6.2.4 Sensitivity analysis 
Table 8 shows the sensitivity analyses for the GFR and TFR, by including only the municipalities 
with adequate live birth coverage by 2005 (N=192 municipalities; n=2880 municipality-years) and 
controlling for socioeconomic variables.  
Table 8. Multilevel models of change for the longitudinal association between general and total fertility rates and 
stages of gold-mining boom, in municipalities with acceptable birth coverage by 2005 (N=192), Colombia, 2001-
2015 
Composite 
model 
Model 17 
Initial growth model 
GFR 
Model 18 
Conditional growth 
model with SGMB 
GFR 
Model 19 
Conditional growth 
model with SGMB 
GFRb 
Model 20 
Conditional growth 
model with SGMB 
GFRc 
B 95% CI B 95% CI B 95% CI B 95% CI 
Intercept  71.30*** 68.56, 74.03 71.24*** 68.49, 73.98 73.76*** 69.15, 78.36 73.82*** 69.21, 73.43 
Year  -1.31*** -1.53, -1.09 -1.31*** -1.54, -1.09 -1.34*** -1.56, -1.11 -1.34*** -1.56, -1.12 
SGMBa         
boom-up    3.91* 0.44, 7.39 3.92* 0.45, 7.39 3.91* 0.44, 7.39 
boom-down    6.52* 1.21, 11.84 6.42* 1.11, 11.72 6.37* 1.07, 11.68 
post-boom   4.03* 0.41, 7.66 3.73* 0.10, 7.66 3.74* 0.11, 7.37 
     
Composite 
model 
Model 21 
Initial growth model 
TFR 
Model 22 
Conditional growth 
model with SGMB 
TFR 
Model 23 
Conditional growth 
model with SGMB 
TFRb 
Model 24 
Conditional growth 
model with SGMB 
TFRc 
B 95% CI B 95% CI B 95% CI B 95% CI 
Intercept  2.20*** 2.12, 2.29 2.20*** 2.12, 2.28 2.31*** 2.18, 2.45 2.31*** 2.18, 2.45 
Year  -0.04*** -0.04, -0.03 -0.04*** -0.04, -0.03 -0.04*** -0.05, -0.03 -0.04*** -0.05, -0.03 
SGMBa         
boom-up    0.11  ̴ -0.00, 0.21 0.11  ̴ -0.00, 0.21 0.11  ̴ -0.00, 0.21 
boom-down    0.19* 0.02, 0.35 0.19* 0.02, 0.35 0.19* 0.02, 0.35 
post-boom   0.12* 0.00, 0.23 0.11  ̴ -0.00, 0.22 0.11  ̴ -0.00, 0.22 
a Reference group: SGMB pre-boom. b Confounders with significant association with fertility rates and SGMB: rural index and 
municipal proportion of coca crops. c Confounders based on theory: rural index, municipal proportion of coca crops, and internal 
conflict victimization rate. ̴  p < 0.1; * p < 0.05; ** p < 0.01; *** p < 0.001. Model 17 and 21 are unconditional growth models. 
Models 18 and 22 include the main effect of SGMB as a fixed effect. Models 19-20, and 23-24 add the confounders to the model.  
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All models show a declining trajectory in the fertility rates, between 2001 and 2015. Models 17 to 
20 show significant increasing GFR trends during the stages of boom (boom-up and boom-down) 
and post-boom (p < 0.05), with little change after controlling for the confounders. Model 22 shows 
a significant increasing TFR trend during the stage of boom-down and post-boom. Models 23 and 
24 show a significant increasing TFR trend only during the stage of boom decline, after controlling 
for the confounders.  
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7.0  DISCUSSION 
I present this section in three parts: first, I discuss the descriptive results—the trajectories and 
patterns of change of the independent and dependent variables, and of the confounders included in 
the regression models. Second, I discuss the results from the multilevel regression models of 
change, which is the core content of the study. In this part, I delve into the relevance of a gender 
perspective to discuss the findings in light of the disruptive gender dynamics that may take place in 
mining boom contexts. Finally, I discuss the main limitations of the methodological approach.  
7.1 GOLD MINING, FERTILITY AND SOCIOECONOMIC VARIABLES IN 
COLOMBIAN MUNICIPALITIES, 2001-2015 
7.1.1 Municipal gold mining trajectories  
The total gold production in Colombia between 2001 and 2015 showed a pattern—small peak in 
2003 and a larger in 2012—that differs from the trajectory of the median of municipal gold 
production per capita (GPPC)—with a clear increase after 2011 due to the increasing number of 
municipalities with gold production >1gr. p/capita. Among the 78 municipalities with substantial 
GPPC (at least one year of gold production ≥ 10 gr. p/capita) and a gold-mining boom (in which 
the category of rapid growth in production was determined), two predominant periods of municipal 
boom were identified in the study period: 2003-2006 and 2008-2015. These results suggest two 
dynamics in Colombia: 1) before 2007, in which the intensification in national gold production 
61 
occurred with little change in the number of municipalities with intensified production; 2) after 
2009, in which the intensification in national production occurred along with the increase in the 
number of municipalities with intensified gold exploitation.  
Regardless of the dynamics at the country level, each municipality had a unique and 
discernible pattern of change over time regarding the gold production. The magnitude of the 
municipal gold production relative to the population (GPPC) was highly heterogeneous (between 0 
and >1000gr. p/capita per year). Despite that the boom-up and boom-down categories were 
delimited by theoretical definitions (although, based on the observation of production trajectories), 
the moment and extent of these periods were determined by the presence of an extreme change in 
the gold production, given the sequence pre-boom/boom/post-boom. These stages described 
diverse nonlinear and discontinuous trajectories. Due to the complexity of the municipal gold-
mining patterns of change—heterogeneous, nonlinear and discontinuous—, the use of the 
categorical variable SGMB was appropriate to inform the particularities of the trajectories and to 
simplify the depiction of the dynamics of a local boom phenomenon.  
The use of a novel measure that accounts for the relationship between gold production, the 
local population, changes in production over time, and the sequence of pre-boom/boom/post-boom 
is innovative and contributes to the understanding of the mining impacts in health and other social 
dimensions. Previous studies from different disciplines interested in examining the impacts of the 
mining boom in Colombia used mining variables based on the gross mining production per 
mineral, the mining permits, and the presence of mining operations [88-94]. These variables do 
not account for any input of the local contexts (e.g., municipal population, population involved in 
mining activities, or contribution of the mining sector to the municipal economy), failing in 
representing the local dynamics linked to the mining activities. For instance, the same gross mining 
62 
production might have distinctive socioeconomic significance between municipalities given the 
local population or the occurrence of extreme changes in a period. Also, the existence of a mining 
permit does not inform the actual use of land for mining purposes but only the intention of 
exploring and exploiting the land for mining and the location and extension of the area. Similar 
approaches—of using mining variables relative to the operations with no input of the mining 
context—are often observed in studies worldwide [95-97]. 
This dissertation addressed the limitations of the previous literature regarding the 
characterization of the mining phenomenon at the local level. As the results demonstrated, ten 
municipalities with substantial GPPC did not have a gold mining boom since they had a regular 
and sustained production instead of experiencing extreme changes in short periods. Such 
particularity differentiates the mining dynamics and impacts in municipalities with similar levels 
of mining production, area of land for mining, or mining revenues.  
7.1.2 Municipal fertility rates trajectories 
The decreasing trajectories of the municipal general fertility rates (GFR), total fertility rates (TFR), 
and age-specific fertility rates (ASFR) were consistent with the trends evidenced by the 
demographic and health surveys of Colombia (ENDS by its Spanish acronym) [79-81]. The ENDS 
show that the TFR decreased from 2.4 for the period 2002-2005, to 2.0 for the period 2012-2015. 
The ENDS also show similar decreasing trends by age groups for the whole period. The ASFR for 
the 15-19 age group decreased from 90 (live births per 1,000 women in that group) for the period 
2002-2005, to 75 for the period 2012-2015. According to Batyra (2016), the fertility pattern of 
decline in Colombia is similar to the Brazilian pattern, characterized by a slight reduction or 
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increase in the adolescent fertility along with the postponement of the second birth—which explains 
the overall reduction in fertility [98, 99]. 
Among the municipalities with substantial GPPC and a gold-mining boom (N=78), the 
trajectories of the mean and median municipal GFR, TFR, and ASFR followed a flatter instead of 
decreasing pattern. Since these trajectories and those for all municipalities (N=1112) converged and 
touched in the final years of the study period, it is likely that these differences corresponded to 
coverage issues (low coverage of the municipal civil registration systems during the first years of 
the study period) which progressively improved along the study period.  
7.1.3 Municipal socioeconomic variables trajectories 
The results show a decreasing trend of the municipal rural index, which is a general tendency in 
Latin America and Colombia. The percentage of rural population in the region has decreased from 
24% in 2001 (rural index: 0.32) to 20% in 2015 (rural index: 0.25); and in Colombia, from 27% in 
2001 (rural index: 0.37) to 24% in 2015 (rural index: 0.32) [100]. 
The trajectory of the internal conflict victimization rate (ICVR) describes the historical 
changes related to the internal conflict after 2000. As summarized by Castro Torres and Urdinola 
(2018), the internal armed conflict in Colombia has deep roots in historical conflicts related to the 
use and distribution of land in rural areas since the first half of the 20th century [83]. After the 
1970’s, the conflict was fueled by the illegal drugs economies (coca cultivation, drug production, 
and drug trafficking). The 1990’s was a period of intensification of violence by the different actors 
involved (corrupt government institutions, guerrillas, and paramilitaries); this was considered the 
bloodiest decade of the internal conflict. During the 2000’s, the government deployed a frontal 
military response against the armed groups, entering in 2012 in a period of peace negotiations with 
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the FARC guerilla (the largest and oldest in Latin America) and a peace treaty in 2016 [83]. The 
general decline in the ICVR between 2001 and 2015, observed in this study, describes the period 
of reduction in the conflict intensity for most of the municipalities. The higher and sinuous pattern 
of ICVR among the municipalities with substantial GPPC and a gold-mining boom (N=78)—with 
peaks in 2002, 2008, and 2013—may respond to the concentration of the conflict in areas of 
booming extractive economies, as explained by Castro Torres and Urdinola [83]. The highest ICVR 
among these municipalities during the stages of pre-boom and boom-up may be associated with 
periods of intensified conflict as the boom established. These results are consistent with the previous 
literature about the relationship between the mining economy, the involvement of armed groups, 
and the internal conflict in Colombia [16-18]. 
Although the results showed that most of the municipalities had no coca crops (median 
percentage near to zero), the trajectories for the mean municipal coca crops area indicate that the 
coca production concentrated in few municipalities. This is consistent with the reports from the 
United Nations Observatory of Drugs and Crime (UNODC) and the Colombian Government, which 
sustained that the last trend of growth corresponded to an increase in production focused in fewer 
territories [101]. Finally, various reports sustain that the periods of conflict, peace process and the 
peace treaty with the FARC guerilla established complex territorial dynamics in which the coca and 
the mining economies interacted [14, 101-103].  
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7.2 INCREASE IN FERTILITY ASSOCIATED WITH A MUNICIPAL GOLD-
MINING BOOM 
This study provides evidence on the longitudinal positive association between the gold-mining 
boom and population fertility in Colombian municipalities, between 2001 and 2015. The 
multilevel models of change for GFR and TFR showed that the population fertility significantly 
increased during periods of boom decline and post-boom after controlling for the rural index, 
internal conflict victimization rate, and percentage of coca crops area. The increasing trend of 
fertility during these stages contrasted with the general decline in fertility in Colombian 
municipalities during the study period. The sensitivity analysis confirmed the increasing trend in 
fertility (GFR and TFR) during the boom decline (boom-down). For the GFR, the sensitivity 
analysis also confirmed the significant increasing trends during the periods of rapid growth and 
maximum production (boom-up) and post-boom.  
Additionally, among different age groups of women, fertility rates increased during the 
periods of boom-up (age group 10-14), boom-down (age groups in the range 15-25, and 35-39), 
and post-boom (age group 15-19). These results suggest that the contribution to the increasing 
GFR and TFR during the stages of boom is distributed among different age-groups of women—
mainly the youngest, with differentials in the magnitude of the contribution. 
The increasing trends of GFR and TFR during the stage of boom-down (consistent with 
the sensitivity analysis models) suggest that the gold-mining boom had an early effect on the sexual 
and reproductive practices and behaviors along the boom-up stage (duration: mean=2.2 years, 
median=2 years; N=78), subsequently revealed as a local fertility change in the stage of boom 
decline (duration: mean and median=1 year; N=78). The sensitivity analysis for the GFR that 
indicates also a significant increase during the boom-up period suggests that the limitations in the 
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coverage of the civil registration system at the municipality level did not allow to detect an early 
change in fertility in this period (negative confounding).  
7.2.1 Increase in general fertility 
A couple of studies in contexts of extractive booms (coal and fracking) in the United States [96, 
97] showed similar results regarding the increase in the general fertility during boom periods. The 
authors identified a positive correlation between fertility and the improvement in the economic 
status of men—as job opportunities and earnings increased for men but maintained or decreased 
for women [96, 97].  
In this regard, the economic models of fertility (concerned on the effects of economic 
factors over individual fertility decisions and population fertility) suggest that the gender-specific 
labor market conditions are principal in the explanation of the mining boom and fertility 
relationship. Numerous studies show that the negative correlation between economic development 
and fertility—evidenced globally during the second half of the 20th century [104-106]—is 
associated with the increased participation of women in the job market and the rise in female 
wages, despite the limited improvements in narrowing the gender wage gap [107-111]. In the 
examination of economic shocks (referred to short-term periods), numerous investigations—
including those mentioned regarding extractive booms—have described a positive correlation 
between male income and fertility [96, 97, 112-114]. In contrast, a study examining the impacts 
of an agricultural boom in a developing country found that the improvements in employment and 
wages of women—mostly benefited by this type of economy—were associated with a significant 
decrease in fertility [115]. As sustained by Schaller [114], fertility is positively associated with 
improvements in male labor-market conditions and negatively with improvements in these 
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conditions for women; as well as, that the impacts of economic fluctuations on fertility are mostly 
explained by variations in earnings of men [114]. These economic models of fertility would 
suggest that improvements in the male labor-market conditions in Colombian municipalities 
experiencing a gold-mining boom would explain a pattern of increased fertility.  
7.2.2 Increase in adolescent fertility 
The increase in adolescent fertility during the stages of gold-mining boom is inconsistent with the 
negative association commonly observed between economic growth (i.e., increase in household 
wealth, minimum wage, or GDP) and adolescent fertility [113, 116, 117]. Instead, several studies 
have shown that adolescent fertility is positively correlated with poor socioeconomic status of girls 
and income inequality [118-120]; and one study described that a decline in the male labor-market 
opportunities (in contexts of economic busts) leads to a decrease in general fertility but an increase 
in adolescent fertility [121]. In other words, an increase in adolescent fertility could be linked to 
worsening male-labor market conditions instead of improvements. Such inconsistency suggests 
that the analysis of the male labor-market conditions, generally portrayed as improved in contexts 
of gold-mining boom, is insufficient to explain the fertility change found in this study.  
The increased adolescent fertility found in the stages of gold-mining boom must be 
discussed in light of the general situation of the adolescent fertility and the vulnerability of this 
population regarding SRH in Colombia. The adolescent fertility rate (75 per 1000 adolescents aged 
15-19 for the period 2012-2015) [81] is one of the highest worldwide (64.6 in LAC and 43.9 in the 
world) [122]. The adolescent fertility is significantly higher in rural (20% of adolescents aged 15-
19 have a child) than in urban populations (11.6%); in groups with primary education (36% have 
a child) than with secondary education (13.8%); and in the lowest wealth quintile (22.7% have a 
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child) than in the highest (3.5%) [81]. Among rural women, around 27% report first intercourse 
before age 15 (17% in the total population) and 58%, before age 20 (40% in the total population) 
[81]. Finally, more than 6000 births among girls aged 10-14 occur every year in Colombia [123], 
which is an indirect indicator of child abuse. The increased ASFR of this age group in the stage of 
boom-up, observed in this study, supports the urgency of examining sexual violence against girls 
and adolescents in the contexts of gold-mining boom.  
7.2.3 Rapid change in fertility associated with a gold-mining boom 
Another key finding of this study regards to the short period in which the fertility change is 
evidenced. According to the intermediate factors analytical framework [124, 125], the gold-mining 
boom would influence fertility through intermediate factors impacted in the short term (considering 
the short duration of the boom and post-boom stages). As previous studies described (mostly 
focused on the HIV spread in mining contexts), these factors may include: increases in early sexual 
initiation [10-12, 48], and increases in sexual risk factors including the non-use of contraception, 
casual sex, transactional sex, sexual abuse, and sex commerce [2, 3, 6-9, 21, 22, 48, 51-53].  
The intermediate factors associated with infertility and pregnancy loss related to the 
toxicological effects of environmental pollution due to the gold mining [126] may not be observed 
in the short term given the natural course of these conditions. At this point, it is necessary to clarify 
that, under the intermediate factors approach, fertility (as an aggregated measure of live births) and 
pregnancy are not equivalent concepts. Increased fertility may involve, simultaneously, an 
increased number of pregnancies that get to term (live births) and an increased number of pregnancy 
losses—for instance, abortions. It is likely that the number of pregnancies exceeds the number of 
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live births; however, this study does not provide evidence on the variation of the total number of 
pregnancies and pregnancy losses during the stages of a local gold-mining boom.  
The intermediate factors potentially related to a rapid increase in fertility may involve 
structural aspects, as explained by Orellana et al. in the examination of the HIV spread in Amazon 
indigenous communities [48]. Structural factors include socioeconomic vulnerability and poverty, 
cultural beliefs related to health and sexual behaviors, and gender roles and power relations. Given 
the rapid change in fertility found in this study, it is necessary to question to what extent the gold-
mining boom determines rapid changes in structural sociocultural aspects of local populations.  
Finally, the rapid change in fertility and the variety of intermediate factors potentially 
involved suggest that the impacts of a gold-mining boom may transcend specific groups with certain 
risks and vulnerabilities, impacting also vulnerable groups not considered as at high-risk 
(mineworkers and sex workers have been typically defined as high-risk groups in mining contexts).  
7.2.4 Fertility change in contexts of social disruption 
The literature on the fertility impacts of the economic growth, including the previous studies 
examining extractive booms [96, 97], do not provide a sufficient basis for the discussion of the 
findings, particularly, of the increased adolescent fertility—commonly associated with worsening 
socioeconomic conditions of girls in contexts of income inequality and economic recession. The 
investigations sustaining that the improvement in the male-labor market demand is the main 
socioeconomic factor explaining fertility change overlook the disruptive dynamics commonly 
described in mining boom contexts worldwide. As explained in Chapters 2 and 5, extensive 
literature from different disciplines has characterized the mining boom contexts as places where 
disruptive demographic, socioeconomic, and gender dynamics take place.  
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Despite the relevance of the social disruption approach in the analysis of the impacts of a 
mining boom on fertility, there are no previous attempts in this direction. The current literature on 
the relationship between disruptive events and fertility has been mainly referred to war and civil 
conflicts, humanitarian crises, and population displacement. The evidence from this research field 
is limited and shows varied effects on fertility according to the population and nature of the event 
[125, 127, 128]. The review by Hill [125] indicates that there is no sufficient evidence supporting 
immediate effects of war and population displacement on fertility; famine and separation of 
families are likely to cause a reduction in fertility in the medium-term; and the effects in the long-
term seem to be marginal. Guha-Sapir and D´Aoust [127] sustain that fertility patterns are not 
stable in periods of civil conflict given the complexity of the reproductive decisions and behaviors. 
Fertility reduction could result from “violence, psychological stress, wealth uncertainty and poor 
health”; fertility rise could occur as a coping strategy against the economic shock associated with 
the disruptive event [127: p. 8-10]. Cetorelli [128] found that the stable trend of the total fertility 
rate observed during a period of war (in Irak during the 2000’s) was due to two countervailing 
trends among less-educated women: a decreased fertility among married women, likely motivated 
by the harsh living conditions, though, with fair availability of family planning services; and an 
increased adolescent fertility associated with early marriage, likely occurred as a coping 
mechanism against insecurity and lack of opportunities.  
The literature on the fertility impacts of a disruptive event offers elements that must be 
considered in the examination of the fertility and SRH impacts of a gold-mining boom (e.g., 
availability of family planning services, early marriage, and wealth uncertainty among women). 
However, the nature of the social disruption associated with a mining boom is different from that 
of war or civil conflict; for instance, the immigration dynamics (high influx of male labor force) 
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instead of population displacement, or the context of economic boom instead of recession. 
Therefore, the mining boom may determine distinct patterns of fertility from those determined by 
other types of disruptive events.  
7.2.5 Fertility change in contexts of unbalanced gendered power relations  
The economic models of fertility and the social disruption approach find common ground from a 
gender perspective. The economic models of fertility highlight the importance of the gender-
specific market conditions in the determination of fertility patterns (improved job opportunities 
and earnings for men but not for women in mining contexts). The social disruption approach allows 
identifying the gender dynamics triggered by the mining economy that may shape the pathways 
that drive the population patterns of fertility.  
The gender dynamics traverse different levels of influence within the social context, from 
the macro level of the public policies—e.g., related to the legal restrictions of the mining sector to 
the participation of women in specific tasks [60]—to the individual level of the differential 
exposures, risks, and health effects. To have a better understanding of the mechanisms linking the 
social and economic dynamics in mining settings with the way gender relations are constructed, it 
is necessary to delve into the sexual division of labor and economic power and the roles and status 
of women in these contexts.  
Women involved in mining have the lowest status both in industrial mining and artisanal 
and small-scale mining (ASM). In the industrial mining, the participation of women is marginal 
(around 10% of the workforce globally) [129]. The roles of women are usually limited to the 
administrative, corporate social responsibility, and public relations departments [60]. Work 
practices like fly-in/fly-out or commuting are disadvantageous for women, especially for those 
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with caring responsibilities [36, 130]. Even when women perform the same tasks than men, 
payment is lower. Additionally, women in industrial mining face disadvantages such as 
inappropriate safety equipment, lack of maternity leave, inappropriate infrastructure, and, 
principally, stereotypes related to mining as male work [129, 131]. 
Women’s involvement in ASM is higher than in industrial mining (30% of the global 
workforce) but more informal. In the late 1990s, the participation of women as mineworkers was 
estimated 40-50% in Africa, 10-20% in Latin America, and 10% in Asia [132]. The level of 
participation of women in ASM is related to the quantity of mineral production and the value of 
the commodity [59]. Women have more participation in ASM of small production; for instance 
when mining is a family endeavor, when it is a subsistence livelihood, or when it supplements 
other subsistence livelihoods like agriculture. Women have greater engagement in extraction (even 
digging or trading) of low-valued products like clay, stones quarries, limestone, and salt; and a 
higher restriction in the mining labor of high-value products like gold [59].  
Women may engage in mining tasks when ASM is part of the traditional livelihoods of 
families and communities. However, the involvement of women as mineworkers is usually due to 
the transformation of agricultural land for extractive purposes and the displacement of local 
subsistence livelihoods and economies (in which women play essential roles, i.e., environmental 
protection, food safety, family care, and community cohesion) towards a mining cash-economy 
controlled by men [59, 133].  
Roles of women as mineworkers in ASM are mostly limited to processing activities. These 
include hazardous tasks like crushing, sieving, and washing of ore, and, in the case of gold mining, 
amalgamation through the use of toxic materials like mercury [59, 131]. These activities have the 
lowest economic profits but use considerably much manual labor. On the contrary, it is very 
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uncommon to find women performing more relevant functions as mine or equipment owners or as 
product dealers [60]. The subordinated work performed by women is related to the informality of 
the ASM, the lack of expertise and training of women, and the concurrence of household 
obligations usually carried by women [134]. Women wages are considerably lower than the wages 
of men, even when they perform heavy tasks like those performed by men [35, 62]; besides, 
women may have less control over their earnings, in some cases given to their male partners or 
counted as the husband’s revenue [59, 135-138].  
In mining contexts, the role of women usually involves the provision of services (e.g., as 
cooks, barmaids, or storekeepers), including sex services [59, 60, 135]. Sex work is related to the 
increased demand for sex by men, which is also related to the high influx of male workers to the 
mining places, the isolation and separation of men from their families, and the high amounts of 
disposable cash of men. The literature describes two different situations regarding sex work in 
mining contexts [60]: one, in which sex work is an income alternative for young and adult women 
in situations of extreme poverty and few economic opportunities [4, 139]; and other, in which sex 
work is due to sexual exploitation or bonded labor of women, children and young adolescents [35, 
140-143]. Reports of sexual exploitation and human trafficking in mining places are, nevertheless, 
very uncommon because victims fear to worsen the abuse or to lose their source of income [144].  
Transactional sex has also been commonly reported in different mining settings as a 
supplementary source of income and basic goods and a way to obtain favors [4, 46, 48, 145-147]. 
Transactional sex is referred to the “sexual interactions in which something is exchanged or 
transferred, though on a more informal basis than, and conceptually distinct from, commercial sex 
work” [145, p.438]. In Guinea, women being paid less than men for the same mining labor may 
trade sex in exchange for more money or gold [146]. In South Africa, mineworker women may 
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provide sex services in exchange for assistance in underground mining tasks [147]. In mining 
communities in Tanzania, transactional sex has been described among women working in food 
and recreational facilities and among local women [4, 8]. In Peru, in Amazonian river ports and 
ferryboats in gold-mining and oil zones, poor women and indigenous teenage boys may involve in 
transactional sex with boat crews and passengers in exchange of transportation and favors during 
trips [48].  
A gender analysis requires to consider also the issue of masculinities and the male 
perspective. According to Campbell (1997) [148] and Campbell & Williams (1999) [63], rural 
poverty and lack of employment opportunities force males to migrate and endure extreme working 
conditions (i.e., exhausting shifts of dangerous work, often in confined spaces, and under extreme 
circumstances of heat and humidity). The daily hazardous conditions of mining labor may produce 
a constant sense of fear of accidents and death and high levels of stress. Male miners deal with this 
sense of powerlessness through the reinforcement of their masculine identities, which comprise 
ideas of bravery and persistence, but at the same time, a notion of “macho” sexuality. In this way, 
the coping mechanisms developed by male mineworkers include high-risk behaviors (i.e., high 
consumption of alcohol, multiple sex partners, high demand for sex services, and non-use of 
condoms).  
In summary, the mining economy may determine a displacement from traditional 
economies and livelihoods towards cash-economies controlled by men. These disruptive changes 
determine, at the same time, particular gender dynamics. Women shift away from their traditional 
roles towards roles as mineworkers (mainly restricted to subordinated tasks) or providers of 
services, including sex. Women experience a degradation of their social status, lack of access to 
the benefits of mining, and high economic dependency on men. Among males, the harsh working 
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conditions of mining, as well as conditions of poverty, migration, isolation, and separation from 
families, may determine a reinforcement of masculine identities expressed through “macho” 
behaviors of high demand of alcohol, drugs and sex services. These simultaneous and complex 
dynamics define contexts of unbalanced gendered power relations where women are 
disproportionally vulnerable.  
Certainly, the findings from this dissertation do not provide evidence to claim that the 
increased fertility during the gold-mining stages of boom decline and post-boom in Colombian 
municipalities, including the increased adolescent fertility during the stages of boom, is explained 
by or is linked to an unbalanced gendered power relations phenomenon. The questions of why 
fertility changes in such short term and why even the adolescent population is affected need to be 
addressed in future investigations. The discussion of the findings in light of the disruptive gender 
dynamics that may take place in mining boom contexts, however, does provide insightful elements 
for new studies regarding SRH in local mining contexts in Colombia, Latin America and the 
Caribbean, and other regions worldwide. 
7.3 LIMITATIONS 
This study takes advantage of the available data on mining and births at the municipal level in 
Colombia to examine how changes in the mining dynamics were associated with changes in 
fertility patterns, between 2001 and 2015. The quantitative nature of this dissertation, however, 
limits the scope of the findings; they document the existence of a relationship between the gold-
mining boom and fertility change in Colombian municipalities. A qualitative approach would 
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provide evidence on the mechanisms and factors involved in shaping the SRH outcomes among 
different groups of population, in local gold-mining boom contexts.  
In regard to the methodological approach used in this study, there are some limitations that 
must be discussed.  
The limited available longitudinal data narrowed the scope (examination of the relationship 
between the gold-mining boom and fertility, but not of the mechanisms involved), time (2001—
as the first year with available data on mining production—to 2015), and level of analysis 
(municipality-level) of the investigation. The methodological approach performed in this study, 
however, made the best use of the available data on gold mining (municipal gold production) and 
fertility—as a comprehensive measure of SRH, demonstrating a relationship between these 
constructs in Colombian municipalities.  
To examine the mechanisms involved in the determination of the fertility changes and SRH 
impacts, researchers need to consider other dimensions of the gold-mining boom (and in general, 
of the gold mining economy) and other socioeconomic factors of the populations. Such 
investigation would require longitudinal data (not currently available in Colombia) on labor and 
general migration; population involved in mining; mining operations (i.e. type of extraction, 
scales, and status of formality/legality); socioeconomic aspects of the population (i.e. education 
level, school attendance among adolescents, and socioeconomic status); economic conditions of 
the municipalities (i.e. poverty and income inequality); and access to health care and SRH services. 
Moreover, researchers would need to assess the effects of the gold-mining boom in smaller levels 
of analysis than municipality (e.g., neighborhood or urban/rural areas) to observe whether the 
impacts target specific contexts and groups of population or spread across the municipal 
population.  
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Another limitation refers to the quality of the available data, which may differ between 
municipalities as local governments may have different performances on their information systems. 
As explained in Chapter 5, to account for this limitation, I performed a sensitivity analysis including 
only the municipalities with adequate live birth coverage by 2005, which indicated that the results 
were robust. A similar approach was developed by Chiavegatto and Kawachi (2015) in their 
longitudinal analysis of the relationship between income inequality and adolescent fertility in 
municipalities of Brazil [119].  
As for this limitation, it is necessary to consider that the relationship between mining and 
SRH may be determined, in fact, by the development and performance of local institutions and 
governments. As studied in mining contexts in developing countries [33, 149], a mining boom may 
have more severe impacts in places with poor institutional and governmental performance; which 
may also correspond to places with weaker information systems (usually, the most rural and 
deprived areas) [150]. Despite the sensitivity analysis indicating that the results were robust, it is 
likely that the inadequate live births coverage among municipalities with poor civil registration 
systems and weak local institutions and governments—likely associated with worse boom 
impacts—may wash a stronger association between the gold-mining boom and fertility change.  
Another limitation involves the use of the categorical variable stages of gold-mining boom 
(SGMB), which I established as the independent variable. The construction of the time-varying 
SGMB variable implied the definition of extreme change, in order to determine the years with an 
extreme increase or decrease in the gold production per capita (GPPC). I defined extreme change 
as an outlier value of the municipal distribution of change in GPPC per year, in the period 2001-
2015 (Chapter 5). This definition determined the categorization of the stages of gold-mining boom, 
as the definitions of each of the categories depended on the presence of an extreme change given 
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the sequence pre-boom/boom/post-boom. This definition also restricted the interpretation of the 
findings to the period 2001-2015, as the municipal distribution of change accounts specifically for 
this time lapse.  
I also established a definition for substantial GPPC given the need to determine how much 
gold production per capita in a municipality should be considered as marginal or substantial to have 
an impact on the local socioeconomic dynamics. This was required since there were municipalities 
with extreme changes in GPPC but with a low production per capita (that could correspond to a 
marginal production), which could misrepresent the depiction of a gold-mining boom. To fulfill 
this fundamental requirement, I used the municipal added value VAM for the definition of 
substantial GPPC, which is the only measure in Colombia that assesses the contribution of the 
gold-mining sector to the local economy. I defined Substantial GPPC as the production greater than 
the minimum GPPC among the municipalities where the gold-mining sector was the first or second 
contributing economy by 2013 (year of the VAM measure); the minimum GPPC observed was 11.7 
gr. p/capita. Based on this value, I established 10 gr. p/capita as the GPPC threshold to identify the 
municipalities with substantial GPPC—those with at least one year of GPPC above that threshold 
during the study period. Certainly, the variation of the threshold value would produce changes in 
the number of municipalities identified as with substantial GPPC and in the correlation between the 
SGMB and fertility. For instance, a threshold lower than 10 gr. p/capita would add more 
municipalities with substantial GPPC and a gold-mining boom to the regression analysis, with a 
potential reduction of the effect of the SGMB on fertility change. Future studies may include 
sensitivity analyses that examine changes in the correlation between the SGMB and fertility at 
different threshold values for the substantial GPPC, and that identify at what level the correlation 
is no more observed.  
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Additionally, availability of data restricted the categorization of the first year of the study 
(2001) as pre-boom, for all the municipalities in the study. Since there was no available data on 
mining production for the years previous to 2001, there was not possible to know whether the GPPC 
in the first year followed a trend of change (including an extreme change) or stability.  
Despite these limitations, these strategies responded to the need of a standardized measure 
to represent the complexity of the municipal gold-mining patterns of change at the local level (given 
the lack of previous attempts in this direction). The use of the categorical variable SGMB was 
appropriate to inform the particularities of the municipal trajectories and to simplify the depiction 
of the dynamics of a local boom phenomenon. New studies are required to validate this measure, 
for instance, by observing the correlation of the SGMB categories with factors commonly reported 
as impacted in mining boom contexts, which may include crime, male employment, or local 
inflation, in a sample of municipalities with available good quality data. Future research may 
consider the use of this measure to examine other health impacts of the gold-mining boom, as well 
as impacts in other dimensions.  
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8.0  CONCLUSIONS - WHAT IS KNOWN NOW AND WHICH GAPS IN 
KNOWLEDGE REMAIN? 
In the first part of the dissertation, I discussed critical gaps in the investigation of sexual and 
reproductive health (SRH) in Latin American and Caribbean (LAC) mining contexts: “[the] little 
knowledge on 1) broader SRH impacts besides HIV/STDs, 2) SRH in settings different from gold-
mining contexts in Amazon countries, 3) mechanisms shaping SRH in LAC mining contexts, and 
4) effective interventions in these scenarios” (Chapter 2) [151].  
This study addressed the first critical gap by providing evidence about the impacts of a 
mining boom on fertility—as a comprehensive measure for SRH. The longitudinal positive 
association between the gold-mining boom and population fertility in Colombian municipalities, 
during the study period, as well as the rapid change in fertility observed in the short period of the 
boom stages, suggest that SRH is deeply impacted, both at the individual level of the sexual and 
reproductive behaviors and practices and in the contextual level of the population fertility patterns. 
This study urges for continuing the examination of different SRH aspects in mining contexts, not 
only concerned with HIV/STDs, and not exclusively among mineworkers and sex workers. Of 
particular interest is the assessment of access to care and SRH services (i.e. access to contraception, 
safe abortion and post-abortion care, antenatal and postnatal care, and medical attention and support 
in cases of sexual violence), which may be affected and, simultaneously, influence SRH (and 
availability of SRH data) in the mining contexts.  
As for the second gap—regarding the mining settings involved, this study indeed focused 
on the gold mining context, as most of the previous studies in the LAC region; however, the 
methodological approach offered new insights on the dynamics of a gold-mining boom. In the first 
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place, the study included all the Colombian municipalities during fifteen years, which provided a 
longitudinal view of the national gold-mining boom phenomenon reflected at the local level. 
Additionally, the use of the time-varying categorical variable stages of gold-mining boom (SGMB), 
based on the gold production per capita (GPPC), facilitated the analyses of the heterogeneous, 
nonlinear, and discontinuous trajectories of gold production and simplified the depiction of the 
dynamics of the municipal mining boom phenomena. Since there are no previous attempts to 
examine the longitudinal characteristics of the stages of a gold-mining boom (pre-boom/boom/post-
boom) in Latin America and the Caribbean and other regions worldwide (to my knowledge), the 
use of the SGMB variable becomes a functional method to be validated for the examination of other 
impacts of a mining boom (other health aspects or additional environmental, socioeconomic, or 
cultural issues).  
As for the third gap—referred to the mechanisms involved, the evidence from this 
dissertation is circumscribed to the existence of a relationship between the gold-mining boom and 
fertility change in Colombian municipalities. The fertility patterns in municipalities experiencing 
a gold-mining boom differed from those in gold-mining municipalities with no boom and 
municipalities with no gold production. In other words, the findings showed that the gold-mining 
boom involved differential dynamics that determined changes in fertility. Certainly, this study does 
not respond by which mechanisms or pathways fertility changed, but it does offer critical insights 
that ground new hypotheses on the mechanisms and pathways involved.  
Such new hypotheses must consider, principally, the gender dynamics triggered by a 
mining boom. As discussed, the analysis of the improvement in the economic status of men as a 
determinant of the fertility change (due to the increased male labor-market demand that 
characterizes the mining economy) is insufficient to interpret the study findings. The increased 
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adolescent fertility (commonly associated with worsening socioeconomic conditions of girls, in 
contexts of economic recession and income inequality) justifies, first, the analysis of the disruptive 
economic dynamics described in mining contexts (e.g. displacement of local economies, high 
dependency on the mining sector, high vulnerability among the population not involved in mining). 
Second, it justifies the analysis of the gender dynamics triggered by the mining economy, i.e. 
limited access of women to the economic benefits of mining, high dependency on men, and high 
vulnerability of women and adolescents under extreme poverty conditions. As reviewed by Jenkins 
(2014), the mining places configure contexts of unbalanced gendered power relations where the 
privileges of men are reinforced, and the social status of women is degraded [60].  
New studies are needed to examine the unbalanced gendered power relations construct 
and assess its significance in the determination of SRH in these contexts. The development of 
qualitative investigations in gold-mining boom places is essential to explore the gender imbalances 
and power differentials that may have effects on the sexual and reproductive behaviors and 
practices. An important target group for such exploration would be women working in mining or 
women married or united to miners, given their direct involvement in the mining dynamics; 
however, other groups of women and adolescents, not directly involved in the mining activities, 
may provide insightful elements regarding the way a mining boom impacts groups not typically 
considered at high SRH risk. Qualitative research would inform quantitative studies to 
operationalize and measure the unbalanced gendered power relations construct at the local level 
and along the different stages of a mining boom (pre/boom/post).  
Other investigations (both qualitative and quantitative) may explore the coping 
mechanisms associated with the reinforcement of masculine identities and “macho” behaviors in 
mining contexts, as suggested by Campbell (1997) [148] and Campbell & Williams (1999) [63]; 
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practices like transactional sex, commonly described in these contexts as a particular factor of risk 
and vulnerability among poor youngsters and women; and violence not related to the internal 
conflict, since more intimate expressions of power like the intimate partner violence may influence 
gender relations and SRH. 
As for the fourth gap, a better understanding on the relationship between mining and SRH 
and the mechanisms and pathways involved will support adequate and effective SRH interventions 
in mining contexts addressing sexual risk behaviors, sexual violence against women and 
adolescents, unintended pregnancies and adolescent pregnancies (e.g., among girls aged 10-14, 
which is related with child abuse), unsafe abortion, and HIV and STDs. More research is required 
to adequately fulfill this gap in knowledge. 
This dissertation study is the first empirical attempt in Colombia and LAC (and worldwide, 
to my knowledge) in examining the relationship between mining and fertility, as a comprehensive 
measure for SRH. The findings feed into the growing discussion about the health impacts of the 
extractive industries by providing new evidence on this relationship and suggesting new questions 
and novel investigation lines that need to be addressed. Given the profound inequities and pending 
challenges in SRH in the LAC countries, the study constitutes a baseline for further research on 
this critical but neglected topic of public health significance. In this sense, this investigation is 
relevant for multidisciplinary research teams, local and national governments, and civil 
organizations interested in public health, SRH and gender issues (principally, women 
organizations), and more importantly, for communities experiencing a mining boom. The final 
stage of dissemination of the findings (without which this research process will not be completed) 
must be directed to these groups. 
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APPENDIX A - MUNICIPAL GOLD-MINING PRODUCTION IN COLOMBIA, 2001-2015  
 
 
Table A-2. Municipalities with substantial GPPC and a gold-mining boom* by SGMB, 2001-2015 (N=78) 
 
N
Median
Mean
S.D. 
Range
>0gr - <1gr (%) 112 69% 114 71% 116 65% 114 64% 100 65% 118 73% 103 68% 132 68% 123 63% 115 59% 127 65% 88 49% 86 50% 78 53% 75 47% 1601 62%
1gr - <10gr (%) 31 19% 29 18% 34 19% 38 21% 29 19% 28 17% 33 22% 35 18% 29 15% 40 21% 36 18% 42 24% 44 26% 28 19% 40 25% 516 20%
10gr - <100gr (%) 19 12% 17 11% 20 11% 22 12% 22 14% 14 9% 13 9% 21 11% 33 17% 30 15% 23 12% 39 22% 33 19% 32 22% 35 22% 373 14%
100gr - <1000gr (%) 1 1% 1 1% 8 4% 5 3% 4 3% 2 1% 2 1% 4 2% 9 5% 9 5% 9 5% 9 5% 8 5% 10 7% 9 6% 90 3%
>=1000gr (%) 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 0 0% 1 1% 0 0% 0 0% 1 1% 0 0% 0 0% 0 0% 0 0% 2 0%
21.7
163
7.2
2002
Total gold production in Colombia, N=1112 (metric tons) 
Municipalities with gold production between 2001-2015 by GPPC  (gr p/capita)
6.2 12.6 11.8 13.3 5.1
20.8 46.5 37.3 34.8 15.3 15.5
20152003 2004 2005
59.034.2 47.8
2009 2010 2011 2012 2013 20142001 2007 2008
53.6 55.6 66.1 55.6
2006
56.9
196 178 171 148 159
0.1 0.1 0.2 0.2 0.2 0.1 0.1
161 178 179 155 162 151 193 194 194
6.0 12.3
0.2
15.6 18.3 16.913.4 17.8 24.2 23.1
0.9 1.30.3
57.5 120.5 82.3 41.1 38.3
379.9
29.1 16.9 44.3 38.7 45.2 18.1 25.7 78.1
328.9 121.9 373.9 351.1 415.4 163.3 264.5 1041.1 255.7
Municipality-years 
2001-2015
620.7
N=2582
2582
N=16680
0.3
13.8
56.1
1330.41330.4 863.6
0.3 0.2 1.1 0.9
381.5 250.3 146.0
33.036.8
Table A-1. Municipal gold-mining production in Colombia, 2001-2015 
pre-boom (N, %) 78 100% 74 95% 64 82% 58 74% 56 72% 56 72% 56 72% 54 69% 50 64% 51 65% 46 59% 31 40% 35 45% 31 40% 31 40% 771 65.9%
boom_up (N, %) 0 0% 4 5% 13 17% 9 12% 7 9% 2 3% 2 3% 11 14% 15 19% 19 24% 17 22% 24 31% 13 17% 14 18% 20 26% 170 14.5%
boom_down (N, %) 0 0% 0 0% 1 1% 10 13% 8 10% 7 9% 1 1% 0 0% 4 5% 2 3% 8 10% 9 12% 12 15% 9 12% 7 9% 78 6.7%
post-boom (N, %) 0 0% 0 0% 0 0% 1 1% 7 9% 13 17% 19 24% 13 17% 9 12% 6 8% 7 9% 14 18% 18 23% 24 31% 20 26% 151 12.9%
N=1170
* Corresponds to municipalities with substantial GPPC in which the category boom-up (rapid growth in production) was determined. 
2001 2002 2003 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015
Municipality-years 
2001-2015
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Table 8-1. Municipal fertility rates in Colombia, 2001-2015 
 
N
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
69.0 24.1 64.9 22.0 64.8 21.9 65.9 21.0 64.6 20.1 61.7 19.7 60.1 18.6 58.6 19.0 55.8 19.1 52.9 19.2 52.8 19.6 53.5 21.2 50.8 19.4 49.6 19.4 48.1 19.4
2.7 2.8 2.7 2.8 2.7 2.8 2.9 3.2 3.0 2.9 3.0 2.9 3.0 2.8 3.1 3.1 3.2 3.0 3.0 3.1 3.0 3.0 3.3 3.6 3.2 3.2 3.2 3.4 2.9 3.3
80.8 34.0 75.8 31.3 76.2 30.9 77.3 29.4 76.4 29.8 75.2 29.4 74.1 28.0 72.4 27.6 69.6 27.7 66.6 26.1 67.2 27.2 70.3 29.3 67.1 27.6 64.7 27.6 62.4 28.3
121.3 46.7 116.4 43.6 118.8 43.6 122.7 43.8 120.9 42.5 112.2 39.3 107.6 37.4 102.0 36.4 94.2 36.2 88.8 34.9 86.9 34.8 87.9 35.7 82.6 34.4 80.8 34.1 77.1 34.1
93.0 37.3 89.0 34.4 88.0 33.8 91.0 33.3 91.4 32.6 88.8 33.4 89.3 32.7 87.4 33.5 84.0 34.7 79.4 35.7 76.9 32.6 74.1 33.1 69.0 31.1 67.6 31.2 64.9 29.0
66.6 27.9 63.3 25.8 63.4 26.1 64.5 26.3 62.3 24.7 59.8 25.2 57.2 22.9 56.5 24.1 55.7 23.9 52.9 23.2 55.2 26.2 56.3 28.5 55.7 26.4 54.7 26.3 53.7 25.8
40.7 20.8 37.6 18.9 37.5 19.3 38.0 17.5 37.9 18.0 35.9 16.7 34.9 16.0 35.0 17.0 32.5 16.0 31.9 21.2 31.2 15.8 31.7 18.7 30.3 16.6 30.2 16.8 30.5 16.4
15.7 12.9 14.0 10.5 14.2 11.2 14.1 10.4 13.4 9.4 12.8 8.9 12.1 8.1 11.4 8.3 11.0 11.0 10.4 9.3 10.3 8.2 10.6 8.9 10.2 8.8 9.8 9.7 10.0 12.2
1.8 3.4 2.0 4.2 1.4 2.9 1.5 2.9 1.6 3.8 1.8 4.2 1.5 3.0 1.4 2.8 1.2 2.7 1.1 2.3 1.1 2.5 1.0 2.0 1.0 3.0 0.9 2.4 1.0 10.1
2.1 0.7 2.0 0.7 2.0 0.7 2.1 0.6 2.0 0.6 1.9 0.6 1.9 0.6 1.8 0.6 1.8 0.6 1.7 0.6 1.7 0.6 1.7 0.6 1.6 0.6 1.6 0.6 1.5 0.6
2.1 0.7 2.0 0.7 2.0 0.7 2.0 0.6 2.0 0.6 1.9 0.6 1.9 0.6 1.8 0.6 1.7 0.6 1.7 0.6 1.6 0.6 1.7 0.6 1.6 0.6 1.5 0.6 1.5 0.6
TFR 15_49 
Median Median
GFR 
ASFR 10_14
ASFR 15_19
ASFR 20_24
Median Median Median Median Median Median
28.0
8.2
0.0
1.4
1.4
Median Median Median
8.8
0.0
1.6
1.5
45.7
2.3
59.0
75.4
62.4
50.6
2.7
65.3
80.9
66.3
51.7
27.8
ASFR 25_29
ASFR 30_34
ASFR 35_39
1.9
55.0
2.8
69.1
92.9
81.0
54.1
31.3
9.8
0.0
2.0
2.0
59.6
2.6
73.8
109.4
89.3
56.6
33.6
10.8
2.0
2.0
64.0
2.4
75.0
121.0
90.9
61.5
36.6
11.7
2.2
64.6
2.1
74.3
120.6
88.8
62.7
35.7
12.1
0.0
1.6 1.5
2.3
80.6
123.8
95.1
67.1
1.8 1.61.7 1.62.0 2.1 1.9
1.6 1.51.6
ASFR 40_44
ASFR 45_49
TFR 10_49
1.8 1.61.9 1.7
0.0
2.1 2.1 2.0
0.0 0.00.00.0 0.00.0 0.0
9.4 8.5
0.0 0.0
10.2 9.0 9.212.0 12.0 11.2
29.6 27.929.433.9 29.2
51.9
35.9 36.2 34.5
50.6 53.252.358.1 55.2
70.8 64.3
63.3 64.1
86.4 76.3 74.090.2 91.6 89.2
84.0 78.184.3102.0 87.6
63.3
118.5 123.6 112.4
65.9 68.265.674.1 71.8
2.7 2.4
75.0 76.1
2.5 2.6 2.42.3 2.4 2.5
51.0 47.750.4 48.957.4 51.465.4 60.970.0 65.8
38.3
13.2
0.0
2.2
1112 1112 11121109 1112 1112 1112 1112 11121107 1109 1110 1108 1110 1109
Median Median Median Median
20152009 2010 2011 2012 2013 20142001 2002 2003 2004 2005 2006 2007 2008
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Table 8-2. Municipal fertility rates among municipalities with substantial GPPC and a gold-mining boom (N=78), 2001-2015 
 
 
Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD Mean SD
53.5 31.1 51.1 29.2 54.0 28.5 56.8 27.3 56.8 28.6 55.3 27.1 53.5 24.2 53.4 24.5 52.0 23.2 48.2 20.9 51.0 23.1 49.8 22.6 50.0 21.5 50.1 24.0 46.4 21.6
2.5 2.4 2.9 2.7 2.9 3.1 3.3 3.2 3.8 3.1 3.4 2.9 3.7 2.7 3.7 3.1 3.8 3.1 4.1 3.5 4.1 3.4 4.2 3.2 4.0 3.6 4.6 3.9 3.9 3.7
64.7 42.2 62.5 38.0 65.5 36.5 68.9 35.7 72.7 39.7 70.3 39.5 66.8 35.5 66.7 34.8 66.2 31.4 62.4 31.5 64.5 33.1 67.5 35.3 68.8 31.5 65.3 32.2 60.2 30.1
88.6 55.1 86.1 51.6 96.2 56.1 98.8 51.4 98.4 54.1 94.1 46.1 86.9 41.1 84.3 43.5 80.2 38.8 74.9 36.0 77.5 36.5 76.4 36.9 73.3 31.9 74.3 36.4 68.6 33.3
64.6 41.1 64.3 39.3 65.9 36.9 71.3 37.1 72.7 40.0 73.6 40.1 74.5 40.9 71.6 35.5 69.6 37.0 65.3 32.3 69.4 36.4 61.9 30.1 62.0 31.1 61.4 31.7 57.7 28.5
50.1 32.5 49.4 30.6 50.4 32.6 54.4 31.8 49.3 27.8 49.3 27.9 49.9 24.9 49.9 23.8 48.3 25.4 42.4 20.9 50.7 25.8 48.1 25.8 48.7 25.1 51.1 32.0 45.6 24.4
34.0 23.1 29.6 21.2 30.1 21.1 32.5 20.8 31.1 18.6 30.5 18.3 29.2 16.1 31.2 18.8 29.1 16.8 26.7 14.1 29.6 16.5 28.4 17.0 28.9 16.7 31.1 18.9 28.5 18.2
13.2 11.1 12.3 10.4 12.3 10.9 14.2 12.1 12.2 9.4 11.7 8.5 11.3 7.5 11.1 7.2 11.0 7.8 10.2 7.1 10.8 7.5 10.7 7.9 10.6 7.2 10.3 8.4 10.3 9.3
2.4 4.0 2.3 4.1 1.3 2.2 1.7 2.8 1.8 2.6 1.9 2.5 2.1 3.3 1.9 3.2 1.4 2.3 1.2 2.1 1.1 1.9 1.1 2.3 1.3 1.9 1.1 2.1 1.1 2.4
1.6 1.0 1.5 0.9 1.6 0.9 1.7 0.9 1.7 0.9 1.7 0.8 1.6 0.7 1.6 0.7 1.5 0.7 1.4 0.6 1.5 0.7 1.5 0.7 1.5 0.6 1.5 0.7 1.4 0.6
1.6 1.0 1.5 0.9 1.6 0.9 1.7 0.8 1.7 0.9 1.7 0.8 1.6 0.7 1.6 0.7 1.5 0.7 1.4 0.6 1.5 0.7 1.5 0.7 1.5 0.6 1.5 0.7 1.4 0.6
ASFR30_34
ASFR35_39
ASFR40_44
ASFR45_49
TFR10_49
TFR15_49
2014 2015
ASFR10_14
ASFR15_19
ASFR20_24
ASFR25_29
2008 2009 2010 2011 2012 2013
Median Median
GFR 
2001 2002 2003 2004 2005 2006 2007
Median Median Median Median Median Median
1.4 1.5 1.3
Median Median Median Median Median Median Median
1.7 1.6 1.5 1.4 1.5 1.51.6 1.4 1.6 1.7 1.8 1.7
1.4 1.5 1.5 1.4 1.5 1.4
0.0
1.6 1.4 1.6 1.7 1.8 1.7 1.7 1.7 1.6
0.0 0.0 0.0 0.0 0.0 0.0
8.7 8.1
0.0 0.0 0.0 0.0 0.0 0.5 0.0 0.0
11.6 9.6 11.0 10.3 8.2 10.1
25.7 28.7 24.7
11.2 10.7 9.0 12.2 12.0 10.2 10.4
29.0 30.1 29.5 24.8 29.3 25.833.0 25.4 26.7 30.1 30.9 29.1
42.1 48.4 44.7 45.7 45.5 44.2
58.3
46.0 43.5 50.4 51.7 51.0 47.3 47.6 49.0 47.5
70.1 64.0 65.5 60.8 60.1 60.9
72.4 65.7
68.9 64.2 63.7 71.3 72.0 76.5 77.0 73.8
87.1 80.4 75.1 77.3 76.3 72.4
67.7 61.2 58.7
82.6 80.8 93.9 99.6 101.2 93.5 87.9
66.2 64.7 66.5 61.8 63.0 68.960.8 58.1 66.2 73.5 76.3 69.9
3.7 3.7 4.1 3.5 3.8 3.4
45.3
2.0 2.6 2.0 2.7 2.8 3.0 2.9 3.5 3.3
52.7 49.9 49.8 49.5 49.4 49.353.5 47.2 53.5 57.1 60.3 56.6 56.9 56.2
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Table C-1. Municipal rural index, internal conflict victimization rate (ICVR), and percentage of coca crops area, Colombia (N=1112), 2001-2015 
 
Table C-2. Municipal rural index, internal conflict victimization rate (ICVR), and percentage of coca crop area among municipalities with substantial 
GPPC and a gold-mining boom (N=78), 2001-2015 
 
Mean, SD 0.60 0.24 0.60 0.24 0.60 0.24 0.59 0.24 0.59 0.24 0.59 0.24 0.58 0.24 0.58 0.24 0.58 0.24 0.57 0.24 0.57 0.24 0.57 0.25 0.57 0.25 0.56 0.25 0.56 0.25
Median
Mean, SD 35.1 84.8 40.9 96.1 25.2 54.8 22.3 44.4 22.2 40.9 20.9 36.5 20.8 42.1 17.0 27.3 10.2 15.6 8.0 14.0 8.9 20.5 9.9 26.8 9.8 23.4 8.8 16.7 6.9 17.1
Median
Mean, SD 0.06 0.52 0.03 0.18 0.03 0.16 0.04 0.15 0.03 0.15 0.03 0.16 0.05 0.22 0.04 0.16 0.03 0.13 0.03 0.12 0.03 0.14 0.02 0.11 0.02 0.13 0.04 0.20 0.06 0.35
Median
Internal conflict victimization rate, ICVR (per 1000)
Proportion of municipal area with coca crops (%)
0.00 0.00 0.00 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
0.61 0.61 0.61 0.60 0.60 0.60
9.76 11.70 8.65 7.76 8.12 7.91 8.53 6.69 4.06 2.60 2.43 2.85 2.93 2.92 1.85
0.65 0.65 0.64 0.64 0.63 0.62 0.62 0.62 0.62
2010 2011 2012 2013 2014 20152001 2002 2003 2004 2005 2006 2007 2008 2009
Rural index
Mean, SD 0.66 0.18 0.65 0.18 0.65 0.18 0.64 0.18 0.64 0.19 0.64 0.19 0.63 0.19 0.63 0.19 0.62 0.19 0.62 0.19 0.62 0.20 0.62 0.20 0.61 0.20 0.61 0.20 0.61 0.20
Median
Internal conflict victimization rate, ICVR (per 1000)
Mean, SD 73.8 105.9 68.9 177.6 29.1 47.0 31.6 75.5 35.5 56.2 32.1 40.9 50.5 108.9 36.3 41.5 21.9 21.1 22.3 21.3 32.2 51.8 36.3 76.4 37.8 63.3 25.8 25.7 21.1 22.1
Median
Proportion of municipal area with coca crops (%)
Mean, SD 0.09 0.20 0.10 0.29 0.15 0.42 0.12 0.28 0.15 0.31 0.12 0.25 0.21 0.41 0.19 0.35 0.16 0.30 0.17 0.30 0.15 0.30 0.10 0.17 0.07 0.15 0.09 0.19 0.13 0.29
Median 0.01 0.01 0.01 0.00 0.00 0.000.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 0.01
0.63 0.62 0.62 0.62 0.61 0.61
31.2 31.7 16.2 16.9 18.2 20.3 20.3 21.1 12.5 15.9 14.7 19.5 20.9 18.5 12.8
0.67 0.66 0.66 0.65 0.65 0.64 0.64 0.64 0.63
Rural index
2001 2002 2003 2004 2005 2006 2007 2008 2010 2014 20152012 20132009 2011
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